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ABSTRACT 


Three  hundred  eighty-four  young  male  rats  were  exposed  to  45 
Hertz,  vertical,  electric  fields  in  nonmetallic  cages,  to  detect 
possible  effects  on  growth,  food  and  water  consumption,  selected 
blood  biochemical  and  hematological  constituents  and  pathological 
observations.  Three  experiments,  each  using  six  groups  of  16 
animals  exposed  to  field  strengths  of  0,  2,  10,  20,  50,  and  100  V/m 
(RMS),  were  performed;  all  variables  were  analyzed  for  statistical 
differences  and  the  existence  of  a "dose-relationship"  of  these 
field  strengths.  One  further  experiment,  employing  48  control  ani- 
mals and  48  animals  exposed  to  20  V/m  (RMS) , was  also  performed  to 
minimize  the  likelihood  of  missing  a true  effect.  Although  some 
differences  were  found  in  experiments  E,  F,  and  H,  neither  a dose- 
relationship  nor  a biological  effect  was  observed.  In  experiment  G, 
no  statistical  differences  (p<  0.05)  were  observed  for  any  variables 
It  was  concluded  that  no  biological  effects  from  exposure  to  these 
electric  fields  were  observed  on  growth,  food  consumption  and  water 
consumption,  nor  the  blood  concentrations  of  total  protein,  globulin 
glucose,  cholesterol,  triglycerides  and  total  lipid,  nor  on  the  hema 
tological  values  for  red  blood  cells,  white  blood  cells,  segmented 
neutrophils,  lymphocytes,  monocytes,  eosinophils,  hematocrit  or 
hemoglobin.  In  addition,  necropsy  and  histopathological  examination 
of  tissue  from  15  organ  systems  did  not  reveal  any  changes. 


I.  INTRODUCTION 


* 

I 


* 


Extremely  Low  Frequency  (ELF)  radiation  generally  denotes  electro 
magnetic  radiation  having  frequencies  from  a few  Hertz  (sometimes 
including  zero  Hertz  of  dc)  to  several  hundred  Hertz.  The  natural  or 
ambient  levels  of  this  type  radiation  have  been  reviewed  by  Polk;1 
however , the  extent  to  which  these  fields  may  be  interacting  with 
biological  systems  has  been  and  still  is  the  subject  of  considerable 
research.  The  largest  man-made  ELF  radiation  comes  essentially  from 
commercial  electrical  power  lines  operating  at  60  Hz.  With  the  re- 
cent development  of  the  Navy's  ELF  Communications  System  for  operation 
at  45  or  75  Hz,  another  man-made  source  of  this  radiation  will  come 
into  existence. 

It  is  becoming  increasingly  apparent  that  at  least  certain  animals 

can  sense  these  fields  and,  in  addition,  even  utilize  this  information. 

2 

For  example,  some  birds  are  affected  by  weak  magnetic  fields  and  it  is 
proposed  that  they  may  'use  terrestrial  magnetic  fields  to  aid  in  orien- 
tation.^ Kalrayn  has  presented  data  that  suggest  that  sharks  and  rays 
can  locate  prey  by  the  weak  ELF  electric  fields  they  produce,  and  he 
proposed  that  certain  fish  also  may  be  able  to  use  tertes trial  fields 
in  obtaining  orientational  and  navigational  information.  Other  biologi- 
cal effects  from  ELF  fields  have  been  reported  by  Goodman  et  al . on 
Phyaarum  polycephalum,^  and  Gavalas-Medici  on  monkeys."^ 


Recently  large  60  Hz  electric  fields  have  been  reported  to  reduce 
6 7 8 

the  growth  of  rats  and  mice,  and  Noval  et  al.  have  reported  that 
small  A5  Hz  vertical  electric  fields  produced  reduced  growth,  reduced 
abdominal  body  fat,  and  altered  brain  and  liver  enzyme  activities. 
Because  two  Independent  investigators  have  reported  lowered  growth, 
this  research  represents  a dedicated  attempt  to  verify  the  existence 
of  lowered  growth  rates  in  rats  exposed  to  similar  45  Hz, vertical, 
electric  fields  and  to  determine  if  food  consumption  or  blood  metabo- 
lite concentrations  were  also  perturbed.  A preliminary  report  of  this 
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work  has  been  submitted  elsewhere. 

II.  MATERIALS  AMD  PROCEDURES 

1.  Animals 

Male,  approximately  180  gm,  Har:(SD)(l),  Sprague-Dawley  rats, 
obtained  from  Hill  Top  Lab  Animals,  Inc.,  Scottdale,  Pennsylvania, 
were  used  for  all  experiments.  Animals  were  quarantined,  evaluated 
for  health  status,  and  then  randomly  assigned  to  individual  cages 
within  the  six  exposure  chambers  of  the  irradiation  facility.  Body 
weight,  food  consumption  and  water  consumption  data  were  obtained 
three  times  each  week  during  the  exposure  period  and  the  5-day  pre- 
exposure acclimatization  period.  The  diet  was  a standard  commerical 
rodent  feed  (Wayne  Lab-Blox,  Allied  Mills,  Inc.,  Chicago,  111.) 


obtained  in  pulverized  form  for  food  consumption  measurements.  Food 
and  water  were  provided  ad  libitum. 

2.  Irradiation  Facility 

The  irradiation  facility  has  been  described  completely  in  a 
previous  report. ^ It  was  contained  in  a typical  laboratory  room 
maintained  under  slight  positive  air  pressure  minimizing  outside  con- 
tamination. Access  was  restricted  to  personnel  concerned  with  this 
research,  who  wore  clean  laboratory  jackets,  masks  and  gloyes.  Room 
air  was  circulated  at  23  room  volumes  per  hour  and  filtered  by  HEPA 
and  activated  alumina  filters.  Illumination  was  provided  12  hours 
each  day,  beginning  at  6:00  a.m. , from  room  and  chamber  lights.  Tem- 
perature was  controlled  at  22°  + 2°C  and  continuously  recorded;  rela- 
tive humidity  was  not  controlled  but  a continuous  record  indicated 
it  remained  between  25%  to  55%. 

There  were  six  identical  exposure  chambers  contained  in  three 
racks,  each  rack  consisting  of  an  upper  and  a lower  chamber.  Each 
exposure  chamber  contained  16  nonmetallic  cages  described  previously 
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providing  food  from  a 250-cm  glass  jar  and  water  from  a glass  sipper 

q 

tube  and  250-cm  glass  bottle.  Chambers  were  horizontal,  parallel 
plate  capacitors  with  an  upper  plate  of  aluminum  screen,  a lower  plate 
of  aluminum  sheet,  and  an  average  plate  separation  of  46.4  + 0.3  cm  (S.D.). 

A signal-generating  and  signal-monitoring  system  provided  the 
45  Hz  voltage,  which  could  be  independently  varied  from  a nominally  zero 
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field  strength  value  up  to  1000  V/m  (RMS)  for  each  chamber.  This 
system  contained  two  signal  generators  to  provide  a backup  generator 
if  the  primary  signal  generator  failed  and  to  sound  an  alarm  if  both 
systems  failed.  Voltage  and  frequency  were  routinely  measured  to 
within  +0.5%. 

The  45  Hz  exposure  field  and  existing  ELF  fields  were  measured 
by  the  I1T  Research  Institute,  Chicago,  Illinois,  to  provide  quantita- 
tive information.  Data  were  obtained  for  electric  and  magnetic  fields 
at  15,  45,  60  and  180  Hz  and  were  presented  in  the  report  of  this 
facility. The  largest  ambient  fields  were  found  at  60  Hz  as  expected 
because  this  is  the  frequency  used  for  electric  power.  Even  though 
these  60  Hz  field  strengths  were  typical  of  those  found  within  office 
and  residential  environments,^  the  possibility  of  this  electric  field 
perturbing  the  results  of  these  experiments  was  considered  in  the  fol- 
lowing manner.  The  average  value  of  the  60  Hz  electric  field  per 
cage  was  obtained  for  each  animal  position.  These  average  field 
strengths  were  separated  into  four  groups  for  use  in  determining  if  an 
interaction  could  be  found  with  the  exposure  field. 

3.  Experimental  Design 

Four  experiments  (lettered  E through  H)  were  performed  using 
the  six  exposure  chambers,  each  containing  16  animals  housed  one  per 
cage  (see  Table  1).  Five  field  strengths  of  2,  10,  20,  50  and  100  V/m 
(RMS)  were  used  in  experiments  E,  F and  H in  an  attempt  to  observe  a 
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dose-versus-effect  relationship.  In  addition,  these  values  cover  the 

g 

range  of  field  strengths  reported  by  Noval  et  al.  to  have  produced 
the  effects  previously  mentioned.  Experiment  G was  designed  to  maxi- 
mize the  number  of  animals  for  one  field  strength  by  using  three 
chambers  as  controls  and  three  chambers  at  a field  strength  of  20  V/m 
(RMS)  (see  Table  2) . This  configuration  minimizes  the  chance  of 
making  a type-II  error,  which  is  failing  to  declare  a result  signifi- 
cant for  a fixed  a-level.  The  field  strength  of  20  V/m  (RMS)  was 
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chosen  because  this  value  produced  the  effects  observed  by  Noval  et  al.  , 
and  it  represents  a field  strength  approximately  one  hundred  times 
larger  than  the  ELF  Communication  System  would  generate.  Because  of 
the  large  number  of  animals  in  each  45  Hz  group,  they  can  be  further 
classified  into  the  four  60  Hz  field  strength  groups  (see  Table  2) . 

This  two-way  classification  was  analyzed  with  the  two-way  analysis  of 
variance  technique  to  determine  if  the  45  Hz  and  60  Hz  fields  interacted. 

Chambers  were  permanently  numbered  from  one  through  six  for 
reference,  and  chamber  bias  was  minimized  by  utilizing  each  chamber  as 
a control  or  for  a given  field  strength  only  once  (see  Table  3) . 

After  the  exposure  period,  animals  were  individually  withdrawn 
from  the  exposure  room  one  at  a time,  given  an  intraperitoneal  injection 
of  chloral  hydrate  at  a dose  of  36  mg  per  1Q0  g of  body  weight,  and 
placed  in  a clean  cage  until  one  animal  from  each  group  had  been  ob- 
tained and  all  six  of  these  animals  became  unconscious.  In  this  manner. 
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six  animals  at  a time  were  taken  to  a separate  room  where  euthanasia 
was  completed  by  heart  puncture  and  exsangulnation.  Three  milliliters 
of  anticoagulated  blood  were  used  for  hematological  analysis.  The 
remainder  of  the  sample  was  allowed  to  clot  for  1 hour  at  room  tem- 
perature, then  was  centrifuged  to  remove  the  clot,  separated  into 
aliquots  and  frozen  at  -60°C  for  later  biochemical  analysis.  For 
experiments  G and  H,  this  procedure  was  modified  in  three  ways  to 
eliminate  variability  caused  by  recent  food  consumption  and  aggressive 
behavior  exhibited  by  the  six  animals  when  placed  together  in  one 
cage.  First,  food  was  withdrawn  at  4:00  p.m.  on  the  day  before 
euthanasia;  second,  animals  were  kept  in  separate  cages  until  euthanasia; 
and  third,  plasma  was  obtained  from  blood  containing  5 x 10  M potas- 
sium ethylenediamine  tetraacetate. 

4.  Biochemical  Analysis 

Total  protein  and  globulin  assays  were  performed  on  the  Auto 

Analyzer  (Technicon  Corp.,  Tarrytown,  N.Y.)  by  the  technique  of 
12 

Sobocinski  et  al.  Glucose,  cholesterol,  triglycerides  and  total 
lipids  were  assayed  using  commercial  reagents  and  standards  from 
Boehringer  Mannheim  Corporation  (B.M.C.,  219  E.  44th  Street,  New  York, 
N.Y.)  with  the  following  catalog  numbers:  15715,  15738,  15989  and 

15991,  respectively.  Unknowns  and  quantitative  serum  controls 
(Monitrol  I and  II,  Dade  Division,  American  Hospital  Supply  Corp., 


Miami,  Florida)  were  assayed  simultaneously  in  a random  sequence. 


r 


.. 

5.  Hematology 

Red  and  white  cell  counts  were  performed  on  the  Coulter 
Counter  Model  B (Coulter  Electronics,  Inc.,  590  W.  20th  Street, 
Hialeah,  Florida).  Hematocrit  values  were  obtained  by  reading 
capillary  tubes  after  centrifugation,  and  hemoglobin  was  estimated 
by  the  cyanmethemoglobin  method  employing  Drabkin's  solution  from 
Hycel,  Inc.,  Houston,  Texas. 

6.  Pathology 

Necropsies  were  performed  on  a minimum  of  four  randomly 

selected  animals  from  each  group.  Tissues  from  the  skin,  brain, 

salivary  gland,  lung,  heart, -stomach,  duodenum,  cecum  or  colon, 

liver,  spleen,  kidney,  urinary  bladder,  adrenal  gland,  pancreas 

and  testes  were  saved  in  10%  buffered  formalin  for  histopathologic 

examination.  Adrenal  glands  and  spleen  were  weighed  when  removed 

from  the  body.  Tissue  preparation  and  staining  were  performed 

according  to  accepted  methods,  as  outlined  in  the  Armed  Forces 
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Institute  of  Pathology  Manual.  Hematoxylin  and  eosin  (H  & E) 
were  routinely  used,  but  selected  samples  were  submitted  to  Gormori’s 
methenamine  silver  stain,  Brown-Brenn  tissue  gram  stain  and  the 
. periodic  acid-Schiff  (PAS)  reaction. 

7.  Statistical  Analysis 

Histograms  of  individual  observations  were  used  to  determine 
if  nonparametric  statistical  tests  should  be  employed.  Body  weight, 

7 


food  consumption  and  water  consumption  data  were  analyzed  using  the 

14 

t-test  or  analysis  of  variance  followed  by  the  Neuman-Keuls  test 
if  significance  (p  < 0.05)  was  observed.  For  biochemical  and  histo- 
logical analyses,  significance  (p  <0.05)  was  tested  employing  the 
one-way  analysis  and  multiple  pairwise  comparisons  of  the  Kruskal- 
Wallis  tests1""*  or  the  Mann-Whitney  test.1"^ 

III.  RESULTS 

During  these  experiments  the  exposure  facility  operated  without 
failure.  Routine  monitoring  of  the  signal-generating  systems,  at 
least  three  times  a week,  revealed  that  the  chamber  voltages  remained 
constant  to  within  +4%  and  -2%  and  the  45  Hz  frequency  did  not  vary 
more  than  + 0.2%. 

In  this  research,  growth  is  defined  as  the  net  change  in  body 
weight  of  the  test  animal.  Due  to  the  short  duration  of  these  experi- 
ments and  the  fact  that  these  animals  used  were  approximately  the 
same  age  and  observed  for  the  same  length  of  time,  average  per  day 
values  of  growth,  food  consumption  and  water  consumption  per  animal 
are  valid  measures  to  use  in  comparing  groups  within  an  experiment. 
These  values  were  calculated  by  obtaining  the  total  change  in  body 
weight  or  the  total  weight  of  food  or  water  consumed  for  each  animal 
over  the  28-day  exposure  period  and  dividing  by  28. 


8 


1.  60  Hz  Ambient  Electric  Field  Analysis 


In  an  attempt  to  assess  the  possible  effects  of  the  ambient 
60  Hz  electric  field,  the  average  values  of  the  field  strength  per 
cage  were  obtained  and  separated  into  four  groups.  Two-way  analysis 
of  variance,  using  the  45  Hz  60  Hz  field  strengths  in  a two-by-four 
classification  shown  in  Table  2,  was  performed  on  the  average  per 
day  values  of  growth,  food  consumption  and  water  consumption  of 
experiment  G.  The  results  of  this  analysis  are  summarized- in  Table 
4 and  graphically  summarized  in  Appendix  A.  Differences  between  45  Hz 
groups  were  not  statistically  significant  (p  > 0.05),  nor  was  the 
interaction  between  the  45  Hz  and  60  Hz  fields  found  to  be  significant 
for  growth,  food  consumption  and  water  consumption.  Further,  there 
was  no  effect  on  growth  attributable  to  the  60  Hz  field.  The  statis- 
tical differences  found  in  the  food  consumption  and  water  consumption 
analyses  occurred  only  between  the  highest  and  lowest  field  strength 
groups.  Because  these  significant  differences  only  occurred  between 
exposure  groups  whose  initial  body  weight  and  growth  were  markedly 
elevated,  it  is  just  as  likely  that  these  significant  differences  are 
attributable  to  the  dependent  relationship  that  food  and  water  con- 
sumption have  with  both  growth  and  initial  body  weight.  The  initial 
body  weight,  growth,  food  and  water  consumption  are  graphically 
summarized  in  Appendix  A.  To  complete  the  60  Hz  analysis,  the  bio- 
chemical and  hematological  data  were  tested  for  significance;  results 
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are  presented  in  Table  5.  Significance  occurred  in  total  protein 
and  globulin  data  only  between  the  highest  and  next-highest  field 
strength  groups,  and  in  the  red  blood  cell  data  only  between  the 
lowest  and  next-lowest  field  strength  groups.  Because  no  signifi- 
cant  differences  were  observed  for  any  variable  between  the  highest 
and  lowest  field  strength  groups  or  between  the  two  field  strength 
groups  with  36  animals  each,  no  biological  significance  is  attri- 
buted to  these  differences. 

2.  Growth,  Food  Consumption  and  Water  Consumption  at  45  Hz 
Figure  1 summarizes  the  average  body  weight  and  the  daily 
growth  data  for  each  group  of  the  four  experiments  during  the  ex- 
posure period.  Figures  2 and  3 summarize  the  cumulative  and  per- 
day  food  and  water  consumption,  respectively,  for  each  group  of 
these  experiments.  These  graphs,  particularly  the  per-day  graphs, 
illustrate  the  well-controlled  nature  of  these  variables.  The 
small  variations  observed  in  the  body-weight  change/day  graphs 
(e.g.,  in  G experiment  on  days  10,  18  and  25)  always  occurred  after 
the  cage  litter  was  changed  and  may  result  from  the  animal’s  attempt 
to  mark  his  new  bedding  by  defecation.  Notice  that  these  readily 
visible  dips  in  the  per-day  growth  produce  a virtually  indistinguish- 
able displacement  in  the  average  body-weight  curves.  Statistical 
analysis  of  the  average  per-day  growth,  food  and  water  consumption 
data  versus  45  Hz  field  strengths  (see  Table  6)  produced  significance 
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In  the  growth  and  food  consumption  for  experiment  F.  These  average 
group  values  for  each  experiment  are  plotted  against  the  applied  45 
Hz  field  strength  in  Figure  4 to  determine  if  a relationship  to  the 
applied  field  strength  can  be  observed.  In  the  growth  analysis  of 
experiment  F,  the  control  group  was  not  found  to  be  different  from 
any  irradiate,  and  only  the  100  V/m  group  was  found  to  be  statisti- 
cally different  from  the  2,  20  and  50  V/m  groups  but  not  from  the 
control  or  10  V/m  groups.  In  the  food  consumption  analysis  of  ex- 
periment F,  the  only  significance  was  between  the  20  V/m  and  the 
100  V/m  and  10  V/m  groups. 

3.  Biochemistry  and  Hematology  at  45  Hz 

The  individual  values  for  each  animal  of  the  measured  bio- 
chemical and  hematological  variables  and  statistical  summaries  for 
each  group  are  presented  in  Appendix  C.  Table  7 summarizes  the 
results  from  the  statistical  analysis  of  these  data.  Statistically 
significant  findings  (p  < 0.05)  for  these  variables  are  summarized 
below. 

Total  protein:  In  experiment  H,  the  only  significant  dif- 

ference occurred  between  the  control  group  and  the  100  V/m  group 
(see  Figure  5) . 

Globulin:  In  experiment  H,  the  only  significant  difference 

occurred  between  the  control  group  and  the  100  V/m  group  (see  Figure 


5). 


Glucose;  In  experiment  E,  the  only  significant  difference 
found  was  between  the  control  and  2 V/m  groups.  In  experiment  F, 
significant  differences  occurred  only  between  the  100  V/m  group  and 
the  control  and  20  V/m  groups.  In  experiment  H,  the  only  significant 
difference  occurred  between  the  control  group  and  the  100  V/m  group 
(see  Figure  5). 

Total  Lipids:  In  experiment  E,  the  only  significant  dif- 

ference occurred  between  the  2 V/m  group  and  100  V/m  group  (see 
Figure  6). 

Cholesterol;  No  significant  differences  were  found  (see 
Figure  6) . 

Triglycerides;  No  significant  differences  were  found  (see 
Figure  6). 

Red  Blood  Cells;  In  experiment  E,  significant  differences 
were  found  between  the  2 V/m  group  and  the  10,  20,  50  and  100  V/m 
groups  and  between  the  -control  group  and  the  2,  10  and  50  V/m  groups 
(see  Figure  7). 

White  Blood  Cells:  No  significant  differences  were  found 

(see  Figure  7) . 

Segmented  Neutrophils  (POLY) : No  significant  differences 

were  found  (see  Figure  7) . 

Lymphocytes:  No  significant  differences  were  found  (see 

Figure  8). 
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Hematocrit;  In  experiment  E,  significant  differences  were 


found  between  the  2 V/m  group  and  the  control  and  50  V/m  (see  Figure 


Hemoglobin:  In  experiment  E,  the  only  significant  difference 


found  was  between  the  2 V/m  group  and  the  50  V/m  group. 


It  was  noted  that  the  group-to-group  variability  (in  Figures 


5,  6,  7,  and  8)  and  the  within-group  variability  for  glucose,  total 


lipids,  cholesterol,  triglyceride,  red  blood  cell,  hematocrit  and 


hemoglobin  values  were  markedly  reduced  by  the  improved  sacrifice 


technique.  This  improvement  was  probably  caused  by  the  fact  that  all 


animals  were  fasted  for  approximately  equal  times  and  were  not  excited 


due  to  placement  in  separate  cages  until  euthanasia.  There  should 


be  no  differences  in  the  plasma  or  serum  values  of  the  biochemical 


variables  used  in  this  study.  After  assaying  for  serum  triglyceride 


in  experiments  E and  F,  it  was  discovered  that  the  values  for  the 


standards  were  incorrect  because  of  the  presence  of  free  glycerol. 


The  values  reported  in  Appendix  C and  the  group  medians  of  Figures  6 


must  be  corrected  by  multiplying  by  0.66.  This  constant  factor  does 


not  alter  the  results  from  statistical  analysis.  The  accuracy  of  this 


correction  factor  and  of  the  measurements  in  experiments  G and  H were 


verified  using  two  independent  standards  (Precilip,  Boehringer-Mannheim 


Corp.,  New  York,  N.Y.,  and  Triolein,  Sigma  Chemical  Co.,  St.  Louis,  Mo.) 


and  molar  absorptivity  of  the  reduced  form  of  nlcotlnamide-adenine- 


dlnucleotide  (NADS). 
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4.  Pathology  at  45  Hz 


All  animals  used  In  this  analysis  were  coded  and  analyzed  In 
a blind  manner.  No  gross  lesions  or  differences  in  adrenal  and  spleen 
weights  were  observed  at  necropsy,  and  no  significant  microscopic 
changes  were  present  in  any  of  the  tissues.  Incidental  findings  are 
as  follows: 

a.  Small  (6-8  cells)  foci  of  lymphocytes  were  present  in  39 
livers.  This  accumulation  is  routinely  seen  in  our  issue  stock. 

b.  Small  accumulations  of  macrophages  were  present  in  12 
lungs.  They  were  spread  throughout  all  groups  including  the  controls 
and  were  statistically  insignificant. 

c.  Small  areas  of  tubular  degeneration  were  present  in  8 
kidneys.  Again,  these  were  in  all  groups  and  controls.  In  addition, 

2 polycystic  kidneys  were  found.  This  lesion  is  expected  to  occur 
with  a low  rate  of  frequency  in  "normal"  S-D  rats.^ 


IV.  DISCUSSION  AND  CONCLUSIONS 

The  results  from  research  concerned  with  the  effects  from  exposure 
to  electric  and  magnetic  ELF  fields  are  extremely  difficult  to  assess 
because  of  the  number  of  variables  that  may  Influence  experiments  of 
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this  type.  Until  recently,  ELF  radiation  has  not  been  included  in 
the  large  nunfcer  of  variables  that  could  influence  biological 
experiments.  Even  when  this  radiation  is  not  considered,  it  is  vir- 
tually impossible  to  control — much  less  monitor — all  of  these  vari- 
ables. However,  once  ELF  radiation  is  included  as  a potential  source 
of  biological  effect,  the  number  of  variables  becomes  even  larger. 

Theoretically,  ELF  radiation  can  be  separated  easily  into 
terrestrial  and  man-made  radiation.  This  convenient  separation  al- 
lows this  research  to  be  considered  in  the  following  manner.  The 
terrestrial  fields  were  not  measured  for  this  research;  however,  this 
laboratory  and  the  room  which  was  used  for  exposure  will  probably 
not  have  their  ELF-shielding  characteristics  changed  within  the  near 
future.  Therefore,  if  terrestrial  fields  become  a serious  considera- 
tion in  assessing  this  work,  these  fields  could  probably  be  measured. 
Man-made  ELF  fields  are  found  anywhere  electric  power  is  used  at 
frequencies  from  25  Hz  to  60  Hz.  For  example,  under  certain  high 
voltage  power  lines,  electric  field  strengths  of  thousands  of  volts 
per  meter  are  found,19  and  in  the  laboratory,  every  electric  appliance 
that  is  on  becomes  an  ELF  irradiator.  To  account  for  these  fields, 
the  HT  Research  Institute  measured  the  ELF  fields  of  this  exposure 
facility  and  found  that  the  most  significant  field  strength  was  for 
the  electric  field  at  60  Hz.10  This  electric  field  has  been  fully 
documented  and  its  effect  on  these  experiments  was  tested  by  employing 


am 
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two-way  analysis  of  variance,  No  significant  differences  (p<0.05) 
were  found  in  growth  for  the  45  Hz  or  60  Hz  fields;  and  further,  no 
significant  interaction  was  observed  on  growth,  food  consumption  or 
water  consumption  by  these  two  fields.  These  findings  and  the  fact 
that  no  significant  differences  were  found  between  the  two  60  Hz  groups 
of  36  animals  each  led  to  the  conclusion  that  the  60  Hz  fields  in  this 
experiment  did  not  produce  a biological  effect  nor  would  it  have  inter- 
fered with  an  analysis  of  only  the  45  Hz  data. 

After  analysis  with  the  45  Hz  field  strengths,  no  significant 
differences  were  observed  in  any  experiment  for. the  following  vari- 
ables: water  consumption,  blood  cholesterol,  blood  triglycerides, 
white  blood  count,  segmented  neurophils,  lymphocytes,  adrenal  weights 
and  spleen  weights.  No  significant  differences  were  observed  in  any  of 
the  hlstopathological  analyses.  For  the  following  variables,  the  only 
observed  significant  differences  occurred  between  irradiated  groups: 
growth,  food  consumption,  blood  total  lipids  and  hemoglobin.  Signi- 
ficant differences  between  the  control  and  irradiated  groups  only 
occurred  for  total  protein,  globulin,  red  blood  cells  and  hemotocrit. 
Further,  no  dose-relationship  was  observed  between  the  exposure  field 
strength  and  any  of  the  variables  studied.  The  most  unequivocal  re- 
sults came  from  experiment  G,  in  which  48  animals  were  employed  for 
both  control  and  20  V/m-exposed  groups.  No  significant  differences 
were  observed  for  any  of  the  variables  measured  in  this  experiment. 

The  findings  of  this  research  are  consistent  with  the  work  of 
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Knickerbocker  et  al.20  and  Krueger  and  Reed.21  Knickerbocker  et  al. 
exposed  male  mice  to  a vertical  electric  field  of  157,000  V/m,  at 
60  Hz,  for  10  1/2  months  (6  1/2  hours  each  day)  and  analyzed  for 
differences  in  growth,  reproduction,  gross  pathology  and  histopatho- 
logy . Although  they  noted  that  the  unexposed  male  progenies  of  the 
exposed  animals  did  not  grow  to  be  as  heavy  as  the  male  progenies  of 
the  control  animals,  no  other  statistical  or  biological  differences 
were  observed.  Krueger  and  Reed  exposed  female  mice  to  horizontal 
electric  fields  to  100  V/m  at  both  45  Hz  and  75  Hz.  No  statistical 
differences  were  observed  between  exposed  and  control  aniamls  in  rate 
of  growth,  serotonin  levels  of  blood  and  brain,  or  susceptibility  to 
challenge  by  Influenza  virus. 

In  a final  attempt  to  determine  if  ambient  fields  could  have 
lowered  growth  of  all  experimental  groups,  the  following  comparison 
was  made.  The  average  growth  rate  for  96  similar  animals  used  in  a 
pilot  experiment  was  found  to  be  7.8  grams  per  day  per  animal.  These 
animals  were  fed  and  handled  using  procedures  identical  to  those  in 
experiments  E,  F,  G and  H;  however,  they  were  caged  in  standard  number 
two  mesh  and  sheet  stainless  steel  rat  cages.  At  our  request,  IIT  Re- 
search Institute  determined  that  these  cages  provided  better  than 
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-40  dB  of  electric  field  shielding  at  60  Hz,  which  determined  that 
these  animals  were  grown  for  28  days  in  an  ambient  60  Hz  electric 
field  which  was  less  than  0.010  V/ra  (RMS).  Had  the  ambient  electric 
fields  present  in  E,  F,  G and  H produced  a growth  reduction  in  all 
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experimental  groups  of  at  least  20Z,  the  smallest  growth  reduction 

O 

reported  by  Noval  et  al, , then  these  shielded  animals  should  have 
growth  rates  greater  than  9.2  grams  per  day  per  animal.  The  growth 
rate  of  these  animals,  7.8  grams  per  day  per  animal,  is  well  within 
the  growth  rates  measured  for  the  six  groups  of  animals  in  experiment 
F (see  Figure  4),  which  were  as  young  as  these  pilot  animals. 

After  exposing  384  young,  male  Sprague-Dawley  rats  for  28  days 
to  45  Hz  vertical  electrical  field  strengths  of  2,  10,  20,  50  and 
100  V/m  (RMS) , no  biologically  significant  differences  were  observed 
in  any  of  the  measured  variables.  Further,  no  dose-relationship  was 
found  for  any  of  these  variables  versus  the  applied  45  Hz  field 
strengths.  Finally,  if  indeed  there  were  effects  produced  at  ELF 
frequencies  from  electric  field  strengths  of  these  magnitudes,  then 
much  of  past  biological  research  becomes  jeopardized,  because  these 
field  strengths  are  common  to  ordinary  laboratories. 
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Figure  1.  Graphical  Summary  of  the  Average  Body  Weight  and  Daily 
Growth  for  Each  Group  During  Exposure. 
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Figure  2.  Graphical  Summary  of  Food  Consumption  Data  During  Exposure. 
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Figure  4.  Summary  of  the  Mean  Growth,  Food  and  Hat 
Versus  45  Hz  Field  Strength. 
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Table  1.  Experimental  Design  and  Animal  Usage 


EXPOSURE 

CONDITIONS 

(V/M) 

EXPERIMENTAL  GROUP 
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16,16,16 
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1 6 

l6 
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16 

l6 

16 
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16 

l6 

16,16,16 

16 

50 

16 

l6 

16 
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l6 

16 

16 

Animals /Group 

96 

96 

96 

96 

Total  Animals  _ 384 


Table  2.  The  Number  of  Animals  in  Each  Group  of  the  45  Hz  and  60  Hz 
Two-Way  Analysis  of  Experiment  G. 


FREQUENCY 

(Hz) 

\ 60 
*t5\ 

.21-. 42 

FIELD  S'] 
CV/m( 

•53-.8U 

LENGTH 

^RMS)] 

1.1-1. 7 

2. 6-3. 8 

Total 

Animals 

cx  0 

2k 

8 

12 

4 

48 

“it  20 
a 

& 

12 

k 

2k 

8 

48 

Total 

Animals 

36 

12 

36 

12 

Table  3.  Applied  U5  Hz  Electric  Field  Strengths  to  Each  Chamber  per  • 
Experiment 


EXPOSURE  CHAMBER 

1*5  Hz  FIELD  STRENGTH  (V/m(RMS)) 

EXPERIMENT 

NUMBER 

POSITION 

E 

F 

G 

H 

1 

U 

C 

100 

20 

50 

2 

L 

2 

10 

C ' 

20 

3 

U 

10 

2 

20 

C 

U 

L 

20 

50 

C 

10 

5 

U 

50 

20 

C 

100 

6 

L 

100 

C 

20 

2 

1 6 animals  per  chamber 

C denotes  control  group  (no  U5  Hz  fields  applied) 
U denotes  upper  chambers 
L denotes  lower  chambers 


Table  U.  Statistical  Summary  of  the  Two-Way  Analyses  of  Variance  on  U5  Hz 
and  60  Hz  Field  Strengths  of  Experiment  G 


VARIABLE 

FACTOR  ONE 
1*5  Hz 

FACTOR  TWO 
6o  Hz 

INTERACTION 

ABW/A  Day 

— 

- 

- 

AFood/A  Day 

- 

* 

- 

AWater/A  Day 

• 

«« 

- Not  significant  (p  > 0.05) 
* Significant  (p  < 0.05) 

**  Significant  (p  < 0.01 


Table  5.  Statistical  Summary  of  the  Kruskal-Wallis  Analysis  on  60  Hz 
Field  Strengths  of  Experiment  G 


VARIABLE 

SIGNIFICANCE 

TP 

« 

GLOB 

«« 

GLY 

- 

TL 

- 

CH0L 

- 

TRIG 

- 

RBC 

• 

WBC 

- 

POLY 

- 

LYHS 

- 

HCT 

- 

HGB 

— 

Not  significant  (p  > 0.05) 
Significant  difference  (p  < 0.05) 
Significant  difference  (p  < 0.01) 


Table  6.  Statistical  Summary  of  the  Analysis  of  Variance  of  Growth, 
Food  Consumption  and  Water  Consumption 


EXPERIMENT 

VARIABLE 

E 

F 

G H 

A BW/A  Day 

— 

«« 

- - 

A Food/A  Day 

- 

*« 

- - 

A Water/A  Day 

«« 


Not  significant  (p  > 0.05) 
Significant  difference  (p  < 0.05) 
Significant  difference  (p  < 0.01) 


Table  7.  Statistical  Summary  of  the  Kruskal-Wallis  Analysis  of  the 
Blood  Biochemistry  and  Hematology  Data 


VARIABLE 

E 

EXPERIMENT 
F G 

H 

TP 

# 

GLOB 

- 

- 

- 

« 

GLU 

«« 

* 

- 

« 

TL 

«« 

- 

- 

- 

CHOL 

- 

- 

- 

- 

TRIG 

- 

- 

- 

- 

RBC 

«* 

«« 

- 

- 

WBC 

- 

- 

- 

- 

POLY 

- 

- 

- 

- 

LYHS 

- . 

- 

- 

- 

HOT 

«« 

- 

- 

- 

HGB 

» • 

- 

- 

- 

MONO 

.within 

normal 

limits 

EOS 

within 

normal 

limits 

Hot  significant  (p  > 0.05) 

* Significant  difference  (p  < 0.05) 

**  Significant  difference  (p  < 0.01) 
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APPENDIX  A 

Graphical  Summary  of  Initial  Body  Weight,  Growth, 

Food  and  Water  Consumption  Data  Versus  Ambient  60  Hz  Field  Strengths 

This  appendix  graphically  summarizes  the  growth  (Figure  A-l), 
initial  body  weight  (Figure  A-2),  food  consumption  (Figure  A-3), 
and  water  consumption  (Figure  A-A)  for  experiment  G versus  the 
average  value  per  cage  for  the  ambient  60  Hz  electric  field  strength. 


INITIAL  BODY  WEIGHT  (g) 


Figure  A- 2. 

60  Hz  ANALYSIS 
EXPERIMENT  G 

INITIAL  BODY  WEIGHT 
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Figure  A-3.  60  Hz  ANALYSIS 

EXPERIMENT  G 

FOOD  CONSUMPTION 


60  Hz  FIELD  STRENGTH  (V/m) 


Figure  A-4. 
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EXPERIMENT  G 
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Daily  Summary  of  Body  Weight,  Growth  and  Cumulative 
and  Dally  Consumption  of  Food  and  Water 


The  following  seven  Tables  (B-l  through  B— 7)  summarize  the 
* actual  raw  growth  and  consumption  data  for  each  experimental  group 
of  the  four  experiments,  E,  F,  G,  and  H.  In  addition,  the  date 
for  day  during  which  data  was  obtained  and  a summary  of  the  tempera- 
ture and  relative  humidity  history  are  provided. 

The  field  strength  and  chamber  position  (either  upper  or  lower) 
for  any  group  can  be  obtained  from  Table  3 of  the  text. 

The  headings  for  each  column  are  defined,  proceeding  from  left 


to  right,  as: 

DATE:  date  these  data  were  obtained;  expressed  as 

day/month/last  digit  of  the  year 

DAY:  the  number  of  days  these  animals  have  been  exposed 

TIMP:  the  average  + the  range  of  room  temperature  (°F), 

taken  over  the  interval  from  the  previous  data  day 
to  this  day 


HUMIDITY:  the  average  + the  range  of  relative  humidity  (ZRH) , 

taken  over  the  interval  from  the  previous  data  day 
to  this  day 


N:  the  number  of  animals  in  each  group,  either  16  or  48, 

or  when  an  animal's  food  or  water  consumption  could 
not  be  accurately  measured  due  to  an  accident  (e.g., 
bottle  was  spilled),  it  then  becomes  the  smallest 
number  of  animals  used  for  any  one  of  the  calculations 
for  this  date 


BODY  WEIGHT: 

XBAR  the  average  mass  (g)  per  animal  for  this  group 

the  standard  deviation  of  XBAR  (g) 


. 


tk 


SD 


CHC. BODY  VT: 


XBAR  Average  change  In  mass  per  day  (g/day)  per  animal 

for  thia  group,  taken  over  the  Interval  from  the 
previous  data  day  to  this  day 

SD  the  standard  deviation  of  XBAR  (g) 


FOOD  CONSUMED  AND  UATER  CONSUMED: 

XBAR  average  food  (water)  consumed  per  day  (g/day)  per 

animal  for  this  group,  taken  over  the  interval  from 
the  previous  data  day  to  this  day 

SD  standard  deviation  of  XBAR  (g/day) 

TOTAL  TO  DATE:  average  food  (water)  cumulative  food  consumed  (g) 
per  animal  from  day  zero  to  this  day 


SD  standard  deviation  TOTAL  TO  DATE  (g) 

SUPERSCRIPT*:  this  symbol  is  used  to  note  that  the  data  from  all 

animals  could  not  be  used;  there  n ■ 16  for  experi- 
ments E,  P and  H or  n * 48  for  experiment G.  Further 
information  is  provided  in  the  next  paragraph. 


It  was  necessary  to  delete  three  animals  from  experiment  F of 
these  experiments  because  they  accidently  went  without  water  over  a 
weekend.  This  accident  occurred  early  in  this  experiment,  and  these 
animals  resumed  normal  drinking,  eating  and  growth  values;  therefore, 
these  animals  were  not  deleted  from  the  biochemical  and  hematological 
analyses.  Because  one  animal  was  deleted  from  group  two  (see  Table  B-3) 
and  two  animals  were  deleted  from  group  six  (see  Table  B-4),  asterisks 
Indicate  that  less  than  the  normal  number  of  animals  was  used  for  each 
day. 

B-2 
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Table  B-l. 


MMIMHT  I 
MOUf  I 

900V  MIGHT  CMC.  »OOV  UT. 


0A> 

f TtfW 

MUM 101 TV 

N 

XMI 

50 

>901 

*» 

M-« 

#♦ 

o- 

• 

221.93 

12.20 

0.00 

0.00 

72*0-0 

n+ 

0- 

1 

23P.00 

13.  IP 

P.03 

i.ie 

724-1 

34t 

1- 

2 

293.00 

14.09 

P.04 

1.90 

72*0-1 

30* 

1- 

2 

200.35 

10.00 

0.09 

1.03 

7241 

42» 

2- 

1 

290. Pi 

I0.P4 

0.20 

1.13 

II 

flM4 

42* 

o- 

2 

311.44 

10.54 

P.34 

3.90 

14 

71*0-0 

48* 

o- 

2 

332.05 

23.51 

0.07 

1.67 

II 

724-1 

42t 

0- 

2 

342.55 

20.43 

3.25 

3.21. 

10 

70*2-0 

37* 

•- 

1 

355.01 

20.50 

€.03 

2.97 

21 

71*8-0 

43* 

o- 

3 

369.PP 

20.03 

4.65 

1.63 

23 

PI ♦0-0 

33* 

o- 

1 

3P9.23 

29.14 

4.P3 

1.67 

25 

PI ♦0-0 

54* 

o- 

1 

305. 19 

20.20 

2.98 

1.48 

Oft! 

POOD  CONSUMED 
TOTAL 

SO  TO  DATE 

3D 

NBAS 

8 1 

CONSUMED 

TOTAL 

TO  DATE  SO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.08 

• n 

26.40 

1.51 

52.00 

3.03 

42.40 

4.93 

04.96 

0.06 

20.30 

1.08 

103.57 

5.9? 

44.51 

5.42 

173.97 

20.10 

20.19 

1 .79 

190.14 

9.59 

43.13 

6.40 

303.43 

30.46 

20. P5 

1.64 

247.64 

12.33 

44. 10 

5.0? 

391.70 

49.94 

28.00 

.1.83 

• 

303.08 

14.67 

42.65 

6.10 

m 

476.33 

60.95 

29.88 

2.50 

393.43 

19.97 

43.14 

6.63 

685.94 

00.45 

30.57 

2.73 

454.58 

24.28 

44.85 

7.14 

694.04 

94.02 

31.43 

3.25 

317.44 

29.68 

43.63 

7.08 

781.31 

106.20 

30.67 

2.87 

609.44 

34.59 

43.96 

C.92 

913.20 

126.12 

31.66 

3.99 

672.77 

35.35 

43.96 

6.99 

1081.12 

139.3? 

29.92 

3.22 

734.07 

44.69 

42.46 

6.36 

1086.04 

151.56 

POOD  CONSUMED 


MATED  CONSUMED 


DAY  TEIT 

HUMIDITY 

N 

DODV  MIGHT 
MAI  SO 

CMC.  OODY  UT. 
X9AR  SD 

MAI 

SD 

TOTAL 
TO  DATE 

SD 

MAI 

SD 

TOTAL 

TO  DATE  5D 

0*0-0 

0* 

0- 

0 

217.44 

14.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.08 

0.00 

0.00 

0.00 

72*0-0 

20* 

•- 

1 

233.05 

14.50 

0.24 

1.02 

20.32 

3.99 

56.64 

7.98 

42.23 

6.13 

04.45 

12.27 

72*0-0 

34* 

1- 

t 

247.26 

14.04 

6.66 

3.31 

25.96 

1.08 

100.56 

9.58 

03.06 

4.07 

170.56 

18.62 

72*0-1 

30* 

1- 

2 

273.03 

21.75 

0.05 

S.M 

20.33 

6.06 

193.54 

22.44 

41.51 

11.95 

295.98  58.74 

72*0-0 

42* 

2- 

i 

292.00 

10.10 

0.00 

S.M 

29.74 

2.99 

253.01 

26.59 

43.61 

6.29 

302.29  58.00 

II 

71*1-0 

42* 

6- 

2 

307.54 

10.50 

7.63 

1.6? 

26.32 

9.44 

305.65 

24.00 

42.06 

5.40 

468.36  65.26 

14 

71*0-0 

40* 

0- 

2 

320.45 

10.23 

7.37 

1.04 

31.90 

2.67 

400.14 

24.46 

43.2? 

5.04 

598.16 

60.90 

10 

72*0-0 

42* 

o- 

2 

343.56 

10.00 

7.05 

1.30 

30.0? 

2.05 

401.48 

28.46 

44.95 

6.62 

688.86  91.72 

10 

70*2-0 

57* 

0- 

1 

353.24 

10.07 

*4.04 

4.08 

30.61 

4.58 

522.71 

29.03 

42.03 

9.34 

772.13  I00»26 

21 

71*0-0 

43* 

•- 

1 

370.27 

10.22 

5.60 

1.07 

32.14 

2.91 

619.12 

32.37 

45.14 

0.37 

987.54  128.90 

25 

71*0-0 

53* 

•- 

1 

370.10 

20.01 

3.91 

1.31 

31.17 

2.9  7 

681.46 

37.06 

45.73 

10.20 

998.99  135.74 

25 

71*0-0 

54* 

o- 

1 

384.33 

20.60 

3.21 

1.53 

29.90 

2.54 

741.41 

38.49 

41.87 

6.14 

1097.34  153.58 

POOD  CONSUtCD 


Oft* 

f IV* 

HUMIOITV 

H 

800V  HEIGHT 
MAI  00 

CHC.  BODY  UT. 
HOAR  SO 

MAR 

SD 

TOTAL 
TO  DATE 

SD 

MAI 

SD 

TOTAL 

TO  DATE  SD 

0*0-0 

0* 

0- 

0 

213*70 

0.07 

0.00 

0.08 

0.00 

0.00 

0.00 

0.00 

0.08 

0.00 

0.00 

0.00 

72*0-0 

20* 

0- 

1 

226.00 

17.33 

0.5? 

6.24 

24.81 

4.08 

49.63 

0.1? 

38.33 

0.65 

76.67 

19.30 

72*0-0 

34* 

i- 

1 

244.11 

It.  14 

0.61 

3.93 

23.64 

1.52 

100.90 

t.»l 

43.35 

3.83 

163.36 

10.30 

72*0-1 

30* 

1- 

t 

270.94 

12.72 

0.94 

1.29 

27.72 

1.45 

104.06 

11.22 

42.03 

3.66 

209.45 

25.36 

72*0-0 

42* 

2- 

1 

206.01 

13.34 

7.93 

1.7? 

20.33 

3.34 

241.13 

16.64 

30.35 

12.61 

360.54 

42.41 

II 

Pl*l-0 

42* 

0- 

2 

301.31 

14.30 

7.25 

1.62 

27.04 

1.04 

296.02 

10.20 

41.45 

4.N 

451.44 

40.03 

14 

71*0-0 

40* 

0- 

t 

322.71 

16.20 

7.13 

1.16 

29.17 

1.94 

304.34 

22.30 

41.09 

1.7? 

577.11 

37.60 

16 

72*0-0 

42* 

0- 

2 

335.13 

16.65 

6.21 

1.43 

29.38 

2.49 

443. 10 

25.79 

42.09 

3.47 

667.89 

63.15 

10 

70*2-0 

57* 

o- 

I 

346.00 

17.10 

3.06 

1.09 

28.01 

2.41 

500.72 

29.60 

41.19 

3.53 

745.27 

67.07 

tl 

71*0-0 

43* 

o- 

3 

357.04 

22.03 

3.65 

3.23 

28. 10 

4.03 

305.03 

41.32 

40.02 

. • M 

•65.33 

83.73 

23 

71*0-0 

33* 

•- 

1 

366.15 

20.03 

4.15 

2.77 

29.72 

2.79 

644.46 

44.50 

42.40 

3.04 

050.14 

00.61 

25 

71*0-0 

54* 

o- 

1 

373.73 

20.60 

3.79 

1.04 

20.94 

1.61 

701.31 

46.79 

41.07 

4.20 

1833.88 

95.05 

J 


u 


0 7 0 


SWtftffCHT  2 
uour  4 

Min  mv  tw  humidity 

900V  WI4MT 
M XMI  00 

CHG.  900V  HT. 

>0*1  99 

X0AR 

FOOD  C0HSU7CD 
TOTAL 

99  TO  9ATV 

99 

XBAJt 

1* 

C0NSUTC9 

TOTAL 

TO  9ATT  99 

7^  4/3  4 4+0-4  #♦  0-  0 

10  214.90 

12*34 

9.99 

0.04 

0.60 

6.66 

I.N 

0.00 

0.00 

0.00 

0.00 

0.00 

4/3  t rw-i  »♦  •-  i 

14  230.44 

19.97 

4.79 

«.«* 

29.49 

4.66 

30.90 

9.73 

39.93 

10.20 

n.tt 

26.40 

\W  4^  4 «4-|  34t  1-  t 

If  247.02 

10.49 

0.31 

4.73 

23.32 

4.05 

101.42 

14.65 

43.32 

».M 

IM.M 

29.33 

14/  4/3  7 rwi  »♦  1-  t 

14  273.47 

10.41 

0.99 

i.i* 

27.71 

2.13 

104.76 

18.64 

43.02 

3.72 

293.94 

43.27 

11/44  1 ?2H4  42*  2-  | 

14  209.44 

10.40 

7.96 

1.09 

27.46 

2.06 

240.13 

22.39 

43.40 

s .re 

362. ft 

53.57 

10/  4/3  ft  71+1-0  42t  4-  t 

14  349.02 

19.94 

9.12 

1.29 

20.91* 

2.23 

297.93 

26.31 

44.01 

S.l* 

470.94 

43.00 

21/  4/3  i4  7i+e-o  40 ♦ t-  s 

14  323.99 

24.30 

4.69 

1.20 

20.73 

2.29 

364.19 

32.70 

43.70 

0.04 

CM. 13 

82.68 

23/  4/3  14  re *0-0  42*  4-  2 

14  330.79 

21.94 

4.40 

1.33 

29.62 

3.30 

443.02 

37.14 

44.03 

3.W 

690.13 

M.M 

23/  4/3  14  70+2-0  57+  9-  1 

14  332.23 

22.72 

4.74 

1.77 

29.19 

2.67 

502.19 

42.00 

43.86 

4.93 

777.84  top. 33 

20/  4/3  21  71+0-0  434  0-  3 

14  346.74 

23.04 

4.6* 

1.56 

29.69 

2.63 

591.26 

48.77 

43.87 

5.07 

909.45 

119.22 

30/  4/3  23  7140-0  334  0-  1 

14  374.33 

24.96 

3.79 

1.32 

30.92 

3.15 

653.16 

51.97 

44.55 

5.37 

998.54 

129.23 

2/  3/3  23  71+0-0  344  0-  1 

14  392.39 

24.22 

4.13 

2.29 

26.36 

2.23 

710.90 

55.99 

44. 14 

6.12 

1086.03 

140.04 

690U9  1 

• 

FOOD  CONSUMED 

WATER 

CONSUMED 

900V  MIGHT 

CHG.  B00V  UT. 

TOTAL 

TOTAL 

BATS 

9*V  TEMP  HUMI9ITV 

N XI  *9 

99 

X9AR 

59 

XBAR 

99 

TO  DATE 

59 

XBA2 

S9 

TO  DATE  59 

7/  4/3 

0 •+€  9 6+0-0 

It  214.47 

12.92 

0.00 

4.44 

6.60 

6.66 

0.00 

0.00 

0.00 

0.00 

0.00 

6.00 

»/  4/3 

t 72+0-0  20+  0-  1 

16  231.05 

13.47 

6.29 

1.29 

29.57 

1.66 

51.13 

3.75 

42.30 

4.52 

64.60 

9.03 

II/.4/3 

4 72+0-0  34+1-2 

14  247.93 

14.19 

0. 14 

1.79 

24.02 

2.13 

163. 18 

7. 60 

42.13 

13.19 

166.65 

30.24 

14/  4/3 

7 72+0-1  30+1-2 

14  273.49 

17.34 

0.72 

1.96 

27.32 

2.71 

185.14 

15.43 

43.47 

5.24 

299.26 

41.99 

If'  4/3 

f 72+0-0  42+  t-  1 

14  290.43 

19.97 

0.49 

1.62 

26.24 

2.94 

241.54 

20.90 

43.62 

4.92 

366.51 

50.38 

10/  4/3 

11  71+1-0  42+  f-  2 

If  365.44 

19.23 

7.52 

2.62 

26.59 

*1.92 

296.64 

22.69 

44.40 

4.59 

475.31 

56.74 

21/  4/3 

14  71+0-0  40+  0-2 

14  325.90 

22.47 

4.01 

1.77 

29.24 

3.62 

386.37 

30.95 

45  94 

3.91 

613.12 

72.14 

n/  4/5 

16  72+0-0  42+  0-  2 

14  339.37 

24.12 

4.73 

1.46 

29.50 

2.36 

445.37 

34.99 

45,07 

4.18 

704.85 

79.35 

23/  4/3 

16  70+2-6  97+  •-  1 

14  352.04 

24.70 

4.34 

1.76 

29.64 

2.20 

504.66 

37.63 

45.71 

5.33 

796.26 

88.24 

26/  4^3  9|  71+6-6  43+  0-  3 

IS  369.54 

24.20 

4.90 

6.92 

30.06 

2.44 

595.64 

43.24 

44.06 

4.64 

928.44 

99.80 

30/  4/3  23  71+0-6  33+  0-  1 

14  373.27 

24.32 

3.86 

1.24 

26.06 

12.24 

648.76 

47.35 

44.56 

3.70 

1017.55 

105.76 

2/  3/3  29  71+0-0  94+  0-  1 

16  391.44 

27.10 

4.09 

1.47 

29.84 

3.29 

711.11 

54.63 

45.02 

5.06 

1107.60 

118.3* 

Min 

Stour  4 

94V  TIFT  HUMIUTV 

000V  N2ICHT 
H X9AR  69 

CHG.  900V  wr. 
X9A9  99 

XBAR 

7009  CONSUMED 
TOTAL 

99  TO  DAT! 

99 

XBAI 

WATER 

SO 

CONSUMED 

TOTAL 

TO  DATE  S9 

7-/  4/5 

0 0+0-0  0+  0-0 

10  215.45 

14.47 

0.00 

0.00 

0.00 

6.00 

0.00 

0.00 

0.60 

0.00 

0.00  0.00 

04  4/9 

C 72+0-0  20+  •-  1 

14  232.04 

14.70 

0.30 

1.14 

24.46 

1.96 

52.91 

3.97 

44.05 

4.40 

09.70  9.21 

114  4/9 

4 72+9-0  34+1-2 

10  249.04 

19.40 

0.50 

1.54 

27.23 

2.12 

107.36 

7.96 

40.62 

4.20 

106.94  20.68 

144  4/9 

7 72+0-1  30+1-2 

If  275.41 

20.45 

0.79 

0.00 

20.44 

3.00 

192.60 

14.73 

46.05 

5.50 

327.48  36.17 

144  4/9 

• 72+0-0  42+  2-  1 

14  291.54 

22.97 

0.07 

1.04 

29.04 

2.77 

250.79 

21.96 

47.11 

3.71 

421.69  46.56 

104  4/9 

II  71+1-0  42+  0-  2 

14  305.57 

23.09 

7.01 

1.44 

20.54 

1.92 

307.79 

23.49 

47.30 

5.99 

510.01  57.43 

214  4/9 

14  71+0-0  40+0-2 

14  329.29 

27.97 

7.91 

1.91 

30*49 

3.39 

399.00 

33.29 

49.02 

7.79 

443.07  79.96 

23/  4/9 

14  72+0-0  42+  4-  C 

14  341.44 

27.33 

4.19 

1.51 

31.55 

3.51 

462.96 

39.33 

49.42 

9.54 

759.99  95.63 

29/  4/9 

10  70+2-0  97+  0-  1 

14  392.94 

29.97 

5.66 

2.94 

30.23 

4.90 

VI. 41 

48.39 

46.09 

11.14 

ev.ir  ii4.7? 

24/  445 

21  71+0-0  43+0-3 

14  364.47 

32.90 

4.50 

1.72 

32.21 

2.53 

420.04 

53.12 

46.94 

9.74 

990.67  142.4? 

34/  4/9  23  71+0-0  93+  0-  1 

14  374.91 

34.93 

4.17 

1.52 

31.62 

4.35 

603.20 

42.44 

40.63 

14.35 

1095.92  161. 40 

2/  5/9  29  71+0-0  94+  0-  1 

14  342.44 

35.42 

4.02 

1.45 

30.57 

4.31 

744.41 

70.63 

45.07 

9.43 

1106.04  143.27 

root  CONSUMED 
TOTAL 

SP  TO  DATE  SP 


MATER  CONSUMED 
TOTAL 

XBAR  SD  TO  DATE  SD 


MATER  CONSUMED 
TOTAL 

SD  TO  DATE  SD 


uetaircMT  r 

4 

DATS  MV  TVV  HUMIDITY 

N 

•0 DV  MIGHT 
XM  Si 

cmg.  ioov  wr. 
KRAR  Si 

X8A2 

7000  CONSUMED 
TOTAL 

Si  TO  DATE 

Si 

XiAR 

MATER 

so 

CONSUMED 

TOTAL 

TO  DATS  SO 

It/  M 

131.01 

12.44 

0.88 

6.88 

8.08 

8. 80 

0.80 

0.00 

0.00 

4.00 

0.00 

0.00 

14/  M 

t ft*l-t  (2t  2-  2 

Ul.32 

12.03 

S.  14 

t .33 

U.35 

0.97 

32.78 

i.»4 

22.55 

2.20 

45.11 

4. Si 

l«/  H 

4 72*1-0  36*  1-  1 

130.34 

13.77 

0.51 

1.26 

19.61 

1.57 

72.33 

4.75 

20.70 

1.90 

102.40 

0.06 

lix  5/5 

f 72*1-4  3 r*  I-  1 

182.13 

13.44 

7.35 

I.U 

21.53 

1.69 

136.93 

9.10 

29.20 

2.S7 

190.24 

15.50 

21/  5/5 

3 f34-«  58*  8-  8 

138.83 

17.38 

7.33 

1.34 

23.88 

1.63 

102.92 

11.65 

32.33 

3.52 

254.92 

21.92 

tV  M 

II  P4*0-t  Mt  0-  3 

212.38 

13.04 

7.12 

i.56 

23.62 

2.00 

230.15 

14.52 

30.41 

4.42 

331.74 

29.52 

M/  3/3 

14  75*0-3  78*10-10 

238.64 

22.41 

0.39 

1.39 

24.27 

2.23 

302.95 

20.14 

37.54 

4.03 

444.41 

43.06 

tt/  3/3 

18  70*4-1  44i  4-  4 

231.32 

23.42 

4.93 

1.24 

24.44 

2.14 

351.07 

24.03 

30.2: 

5.05 

520.03 

53.76 

M/  5/5 

18  72*0-8  38«»  2-  8 

244.42 

23.ee 

7.23 

1.27 

25.62 

1.90 

401.91 

27.32 

41.17 

5.33 

403.14 

63  67 

Rx  4x3 

21  72*1-0  61*  1-  8 

203.49 

25.00 

7.49 

1.01 

25.56 

2.71 

470.57 

34.81 

37.79 

5.35 

716.93 

75.05 

4/  «/3 

23  71*0-1  424  1-  0 

1C 

305.85 

25.41 

8. 10' 

1.65 

24.33 

2.37 

531.23 

36.60 

34.09 

5.43 

790.31 

83.21 

V 0X3 

23  66*2-8  60*  8-  8 

314.36 

23.23 

3.20 

1.40 

26.57 

1.91 

504.36 

39.90 

41.02 

5.14 

072.36 

91.54 

V 4x3 

28  71*0-0  48+  8-  8 

336.71 

25.20 

4.73 

0.96 

26.78 

1.03 

644.63 

44.73 

37.17 

4.57 

903.84 

103.55 

DATE 

6R0U7  5 

DAY  TET*  HUMIDITY 

N 

BODY  MIGHT 
X»AR  Si 

CHC.  BODY  MT. 
XbAR  Si 

XBAR 

700D  CONSUMED 
TOTAL 

SD  TO  DATE 

Si 

:«ar 

MATER 

SD 

CONSUMED 

TOTAL 

TO  DATE  SD 

It/  5x0 

8 6*0-8  8*  6-  6 

16 

132.90 

11.38 

0.88 

0.04 

0.00 

0.00 

0.40 

0.00 

4.00 

0.00 

4.40 

0.80 

I4X  5x5 

2 72*1-1  62*  2-  2 

14 

146.69 

11.75 

6.99 

2.99 

17.07 

1.15 

34.14 

2.10 

27.34 

1.50 

45.00 

1.01 

10/  5/5 

4 72*1-0  54*  1-  1 

15 

143.04 

12.22 

6.49 

1.12 

24.  10 

1.39 

74.37* 

4.27 

28.09 

1.92 

101.24 

6.84 

»9x  5x5 

7 72*1-0  57*  1-  1 

16 

186.34 

14.23 

0.14 

1.15 

21.34 

1.45 

138.30 

0.47 

20.15 

1.91 

185.72 

11.19 

21/  5x5 

9 73*0-0  58*  0-  8 

14 

263.66 

14.46 

7.74 

1.31 

23.42 

2.02 

105.63 

11.25 

30.03 

».W 

247.30 

14.07 

tV  5x5 

II  74*0-1  43*  0-  3 

16  210.10 

15.92 

7.62 

1.44 

22.05 

2.15 

231.33 

14.00 

is.ro 

3.65 

320.79 

21.87 

«/  5x5 

14  75*4-3  70*10-18 

16 

245.74 

18.45 

0.40 

1.57 

24.02 

2.01 

303.30 

20.24 

35.43 

3.50 

427.73 

38.06 

20x  5x5 

16  78*6-1  64*  4-  4 

(6  257.33 

19. 65 

5.79 

1.65 

24.01 

2.13 

351.41 

24.10 

33.09 

3.85 

499.40 

37.93 

30x  5x5 

18  72*4-6  58 t 2-6 

16 

271.52 

24.28 

7.09 

1.06 

24.42 

2.46 

440.25 

20.3*1 

30.84 

3.73 

575.36 

44.74 

2x  6x5 

21  72*1-6  61*  l-  8 

16 

291.54 

20.94 

4.67 

1.11 

25.25 

7.18 

479.99 

34.4? 

35.06 

2.92 

tor. is 

92. 

4x  6/5 

23  71*0-1  42*  1-  0 

16 

304.24 

21.98 

7.35 

1.68 

25.57 

2.1! 

377.11 

36.30 

13.24 

2.60 

749.36 

57.31 

6x  6.-5 

25  46*2-6  60*  0-  8 

16 

315.63 

20.07 

4.72 

1.36 

25.22 

2.41 

977.57 

42. HO 

35.  1 

; .37 

0?.74 

V 4x5 

28  71*4-6  60*  0-  0 

16 

332.43 

21.85 

5.38 

1.35 

25.40 

2.01 

651.77 

47.47 

32.30 

3.04 

917.17 

69.t*: 

CROUP  f 

DATE  DAY  fit#  HUMIDITY 

904V  MIGHT 
N XiAR  Si 

CMC.  900Y  MT. 
X9Af  SD 

XBAR 

7000  C0M9UTC6 

TOTAL 

Si  10  OATS 

09 

XOAR 

e i 

CONSUMED 

TOTAL 

TO  DATE  SD 

12'  5X5  8 8*0-8  8*  0- 

0 

10  129.04 

12.01 

0.88 

0.00 

0.00 

0.60 

0.00 

0.48 

0.00 

6.60 

9.04 

0.40 

14/  5/3  2 72*1-1  42*  2- 

2 

|4  144.94 

11.29 

7.93 

3.09 

17.51 

1-19 

35.03 

2.22 

23.66 

3.03 

47.31 

7.32 

14/  3x3  4 72*1-6  34*  1- 

1 

14  143.34 

11.35 

0.16 

3.74 

20.97 

1.34 

70.97 

4.79 

29.05 

3.00 

105.42 

13.72 

19/  3x5  7 72*1-0  37*  1- 

1 

14  160.42 

11.07 

8.36 

3.41 

22.59 

1.63 

144.71 

7.92 

29.53 

3. PI 

194.02 

23.20 

2 lx  9/5  9 73*0-0  36*  0- 

0 

14  205.26 

13.07 

8.43 

3.51 

23.82 

1.66 

192.15 

10.41 

32.46 

ISO 

256.14 

29.43 

23/  3x5  II  74*4-1  43*  0- 

3 

14  221.61 

14.56 

P.86 

3.39 

24.53 

1.71 

241.41 

12.67 

30.74 

5.20 

319.01 

io.:.s 

24/  3x3  14  75*4-3  74*10-16 

14  248. 14 

17.88 

9.36 

3.05 

25.01 

2.61 

319.13 

19.13 

37.05 

5.01 

449.40 

51.62 

28'  3-5  16  70*4-1  44*  4- 

14  264.25 

26.35 

7.56 

3.47 

26. 10 

2.59 

371.12 

21.55 

30.01 

5.01 

127.0.) 

04.22 

38/  3x5  16  72*4-6  5A*  2- 

13  279.86 

21.84 

7. CO 

3.42 

24.81 

3.15 

42  1.94 

29. 14 

42.  M 

C.49 

6II.7A 

7n.  V. 

2/  41  21  72*1-6  614  1- 

14  301.  A8 

23.59 

0.91 

3.54 

28. AO 

2.47 

509.19 

34.04 

48.39 

3.09 

75.  .94 

fM.no 

4/  6/3  21  71*6- 1 62*  1- 

14  310.96 

28.30 

7.94 

3.73 

24.50 

2.47 

544.17 

49.61 

38.15 

3.97 

949.65 

09.01 

4/  4/3  25  64*2-4  44*  0- 

14  329.49 

27.12 

3.3T 

■2.73 

27.94 

2.56 

421.17 

44.91 

41.35 

6.20 

092.34 

99.72 

9/  6/3  20  71*0-0  44*  0- 

14  349.04 

29.32 

6.4S 

2.07 

20.33 

2.54 

746.15 

51.26 

37.69 

6.47 

1045.40 

14.  Cl 

Table  B-6. 


FOOD  CONSUMED 


Mil 

00V  1DV 

HUMIDITY 

000V  MtCMT 
M NBA!  00 

CMC.  000V  MT. 
XBAR  SD 

XBAJI 

SD 

TOTAL 
TO  DATS 

SD 

X»A« 

SD 

TOTAL 

TO  DATS  SD 

v 

0 0*0-0 

0*  0-  0 

10  197.21 

0.76 

0.00 

0.00 

0.00 

0.00 

8.88 

0.00 

0.00 

0.00 

0.00 

0.00 

</ 

1 73*0-0  04*  0-  0 

10  203.03 

10.63 

7.04 

2.37 

23.30 

2.35 

23.58 

2.39 

34.29 

3.56 

34.29 

3.56 

1/ 

3 71*1-0 

03*  0-  1 

10  220.42 

13.13 

7.60 

2.23 

24.33 

2.33 

72/24 

0.94 

33.00 

4.70 

102.05 

12.49 

11/  M 

0 72*0-0 

03*  0-  0 

10  243.33 

19.33 

7.70 

1.50 

23.20 

2.68 

140.80 

14.23 

32.B0 

4.34 

200.74 

25.57 

1*/  0'S 

0 73*0-0 

•4*  0-  0 

10  202.63 

10.09 

0.30 

1.92 

23.63 

2.00 

199.36 

19.61 

34.33 

3.33 

269.39 

35.47 

IV  1/9 

10  74*0-0 

07*  0-  1 

16  270.22 

13.03 

0.70 

1.17 

23.54 

2.60 

250.44 

24.64 

35.97 

4.83 

341.33 

44.07 

IV  VI 

13  74*0-2 

00*  1-  2 

16  300.40 

21.74 

0.00 

1.33 

27.03 

3.02 

331.59 

33.41 

35.40 

3.03 

447.52 

01.75 

«V  V5 

19  71*0-0 

00*  0-  0 

16  317.34 

22.32 

0.47 

1.66 

27.91 

2.95 

387.41 

39.12 

33.35 

5.05 

510.22 

72.33 

IV  V9 

17  72*0-0 

03*  0-  1 

13  320.31 

22.32 

3.30 

1.33 

27.13 

2.73 

441.67 

43.81 

37.03 

3.49 

592.38 

82.91 

IV  1^ 

20  72*0-0 

71*  0-  1 

16  349.01 

23.23 

. 6.83 

1.67 

20.54 

2.80 

527.29 

51.81 

36.40 

3.94 

781.50 

100.09 

v/  vs  *2  r2»a-i 

07*  0-  0 

16  362.20 

23.32 

6.60 

1.33 

20.32 

2.58 

503.92 

56.64 

36.26 

6.14 

774.02 

111.68 

21/  VS 

24  70*1-0 

66*  0-  0 

16  371.79 

23.06 

4.00 

* 1.33 

27.91 

2.17 

639.74 

68.25 

37.46 

3.94 

848.94 

122.77 

1/  9/s 

20  0*0-0 

0*  0-  0 

16  393.69 

26.62 

5.47 

1.09 

20.07 

2.46 

755.23 

69.81 

36.67 

5.17 

995.62 

142.37 

c*our  2 

DAT* 

DAV  TEMP 

HUMIDITY 

•00V  tCICHT 
H XBAR  SD 

CMC.  BODY  MT. 
XBAR  SD 

XBAR 

FOOD  CONSUMED 
TOTAL 

SD  TO  DATE 

SD 

XBAR 

MATER 

SD 

CONSUT-CD 

TOTAL 

TO  DATS  SD 

3'  l/S 

0 0*0-0 

0*  0-  0 

16  *100. 10 

13.34 

0.00 

0.00 

0.00 

8.80 

8.00 

0.88 

8.88 

0.88 

0.00 

8.88 

1/  |/S 

1 73*0-0 

•4*  0-  0 

16  137.17 

14.40 

3.07 

2.03 

23.06 

2.09 

23.86 

2.89 

33.76 

4.45 

33.70 

4.45 

V l/s 

3 71*1-0 

63*  0-  1 

16  211.74 

16.23 

7.20 

1.23 

23.60 

1.09 

78.01 

5.67 

33.84 

4.27 

101.44 

12.57 

11'  8/5 

0 72*0-0 

63*  0-  0 

16  237.37 

10.20 

0.34 

1.24 

29.10 

1.78 

146.33 

18.67 

32.59 

4.31 

199.22 

25.19 

13-/  1/9 

0 73*0-0 

64*  0-  0 

16  233.64 

26.44 

3.14 

1.63 

23.67 

2.17 

197.68 

14.35 

32.96 

4.73 

265. 13 

34.89 

IV  VS 

10  74*0-0 

07*  0-  1 

16  260.07 

21.01 

6.61 

1.03 

23.70 

2.13 

249.08 

18.11 

35.10 

4.92 

335.32 

•43.57 

10'  0/9 

13  74*0-2 

60*  i-  2 

16  232.32 

23.16 

7.83 

1.31 

26.06 

2.23 

329.64 

24.29 

34.58 

4.02 

438.84 

57.32 

20'  0/3 

13  71*0-0 

66*  0-  0 

16  303.64 

23.04 

0.66 

1.40 

27.83 

2.38 

385.31 

28.74 

34.39 

4.69 

507.63 

66.81 

22'  0/3 

17  72*0-0 

63*  0-  l 

16  324.11 

23.07 

7.14 

1.40 

27.35 

3.38 

448.61 

33.77 

36.81 

5.81 

579.64 

76.64 

23'  0/3  20  T2*«-0 

71*  0-  1 

16  343.96 

26.74 

6.61 

1.09 

29.06 

3.31 

527.20 

41.79 

25.23 

4,93 

685.34 

99.73 

27'  0/3  22  72*0-1 

67*  0-  0 

16  339.01 

20.11 

7.52 

1.35 

28.59 

2.25 

584.36 

45.68 

34. 19 

4.67 

753.73 

98.  13 

23'  0/3  24  70*1-0  66*  0-  0 

16  360.44 

20.34 

4.72 

2.06 

28.19 

2.40 

640.74 

49.50 

35.67 

4.92 

825.86 

107.36 

2'  3/3 

20  0*0-0 

0*  0-  0 

16  392.03 

31.59 

5.90 

1.30 

29.19 

2.43 

757.49 

50.15 

35.04 

4.70 

908.43 

124.03 

FOOD  CONSUMED 


MATE*  CONSUMED 


DATS 

DAV  TEMP 

HUMIDITY 

N 

BOOV  WEIGHT 
XBAR  SD 

CMC.  BOOV  UT . 
XBAR  SD 

XBAR 

SD 

TOTAL 
TO  DATE 

SD 

XBAR 

SD 

TOTAL  • 

TO  DATE  SD 

V 0/9 

0 0*0-0 

0*  0- 

0 

16 

192.44 

9.12 

0.00 

0.80 

8.06 

0.00 

0.00 

0.00 

0.00 

0.08 

9.88 

0.88 

V 0/9 

1 73*0-0  04*  0- 

0 

16 

290.21 

11.04 

7.77 

2.91 

23.04 

2.09 

23.04 

2.89 

34.18 

5.15 

34.18 

5.(5 

V 0/5 

3 71*1-0 

63*  0- 

1 

16 

2(6.59 

11.69 

0. 19 

1.51 

24.69 

1.65 

72.43 

5.89 

34.57 

4.44 

183.31 

13.68 

It'  0/5 

0 72*0-0 

65*  0- 

0 

16 

243.94 

14.20 

9.12 

1.35 

25.72 

1.64 

149.50 

9.65 

34.34 

3.88 

286.34 

24.99 

13/  0/5 

• 73*0-0 

•4*  0- 

0 

16 

261.67 

16.54 

0.07 

l.7l 

26.22 

1.99 

202.03 

13.42 

35.60 

4.27 

277.71 

32.64 

15/  0/5 

10  74*0-0 

07*  0- 

1 

16 

276.44 

19.32 

7.30 

1.05 

25.93 

2. 15 

253.09 

17.41 

36.35 

3.68 

350.41 

38.73 

10/  0/5 

13  74*0-2 

00*  1- 

2 

16 

302.32 

21.06 

0.63 

1.23 

27.98 

2.29 

337.58 

21.73 

36.31 

4.29 

459.34 

58.62 

IV  0/5 

19  71*0-0 

66*  0- 

0 

16 

320.33 

23.70 

9.01 

2.17 

20.19 

2.46 

393.97 

25.98 

36.47 

4.45 

532.28 

59.11 

11/  0/5 

17  72*0-0 

09*  0- 

1 

16 

333.37 

24.39 

6.92 

1.40 

28.53 

2.22 

451.02 

36.17 

39.70 

4.78 

611 .07 

6E.2  a 

25/  B/5 

20  72*0-0 

7|*  0- 

1 

16 

393.70 

27.05 

6.60 

1.49 

29.45 

2.70 

539.30 

37.36 

37.  10 

4. 42 

723.18 

79.47 

27'  B/5 

22  72*0-1 

07*  0- 

0 

16 

369.41 

29.37 

7.82 

2.63 

29.32 

2.03 

598.01 

42.41 

37.27 

4.54 

797.71 

88.03 

29'  VS  24  70*1-0  06*  0- 

0 

19 

377.27 

31.92 

3.93 

1.90 

20.76 

2.20 

659.53 

46.16 

38.37 

5.48 

875.00 

97.52 

*'  B/5 

20  0*0-0 

0*  0- 

0 

16 

390.90 

34.21, 

5.31 

1.50 

29.11 

2.73 

771.96 

55.17 

37.92 

5.75 

1026.68 

115.92 

CFO  BB0.176 


IWER1MMT  N 
«MUf  4 

•AT*  DAV  Ttrv  HUNIDITV 

N 

808V  fcCIGHT 
XBAR  88 

CMC.  808V  wr. 
XBAR  SO 

XBAR 

7000  CONSUMED 

TOTAL 

SD  TO  DAT I 

SD 

XBAR 

MATO 

SD 

C0NSU7CD 

TOTAL 

TO  DATE  5D 

V w 

• 9*9-0  •♦ 

e- 

8 

188.33 

11.36 

8.88 

8.80 

8.88 

0.88 

8. 88 

8.00 

8.80 

8.08 

8. 88 

8.88 

•/  1/9 

1 73*0-8  84* 

•- 

8 

198.34 

11.47 

7.99 

2.42 

21.88 

1.88 

21.88 

1.60 

31.51 

3.86 

31.51 

3.86 

•/  1/9 

3 71*1-8  €3* 

•- 

1 

218.63 

12.67 

7.14 

1.82 

23.51 

1.90 

68.90 

5.73 

32.45 

3.16 

96.48 

9.08 

»|/  0/5 

8 72*8-8  83* 

e- 

8 

233.61 

14.38 

8.33 

1.38 

24.53 

1.75 

142.49 

10.62 

31.99 

3.49 

192.38 

18.98 

13'  0'S 

8 73*8-8  84* 

•- 

8 

252.63 

15.86 

8.51 

1.38 

24.83 

1.55 

192.16 

13.33 

32.90 

3.37 

258.35 

25.43 

15/  1/9 

18  74*8-8  67* 

«- 

1 

264.25 

15.99 

5.81 

1.50 

24.65 

1.67 

241.46 

16.29 

33.28 

3.31 

324.74 

31.64 

19/  1/9 

13  74*8-2  88* 

l- 

2 

287.40 

17.56 

7.74 

1.48 

25.52 

1.84 

319.24 

21.01 

33.69 

3.42 

425.83 

40.99 

99/  9/9 

IS  71*8-8  88* 

e- 

8 

303.93 

19.74 

0.25 

2.86 

26.28 

2.83 

371.79 

24.62 

33.90 

3.53 

493.63 

48.  IA 

22/  0/5 

17  72*8-8  83* 

e- 

I 

313.81 

19.58 

4.51 

1.98 

27.17 

3.98 

426.12 

31.27 

35.12 

3.67 

563.80 

54.47 

*5/  8/3 

28  72*8-8  ?l* 

•- 

I 

18 

332.91 

23.53 

6.63 

2.86 

26.96 

2.28 

587.81 

37.24 

34.76 

4.53 

660.22 

66.6? 

2T/  9^ 

22  72*8-1  87* 

•- 

8 

18 

346.43 

24.91 

6.76 

1.42 

27.15 

2.81 

561.32 

40.77 

33.  C2 

3.92 

735.46 

73.64 

29/  8/5 

24  78*1-8  86* 

0- 

8 

15 

353.68 

26.23 

3.62 

1.67 

27.17 

2.07 

615.65 

42.76 

35.43 

4.21 

005.14 

70.20 

2/  9/9 

28  8*8-8  8* 

0- 

8 

16 

372.68 

20.98 

4.75 

1.38 

27. 19 

2.19 

724.42 

30.05 

34.20 

3.59 

941 .94 

90.23 

DAT! 

6R0U7  5 

DAV  TW 

HUNIDITV 

N 

BODY  WEIGHT 
XBAR  SD 

CHG.  BODY  UT. 
XBAR  SD 

XBAR 

FOOD  CONSUMED 
TOTAL 

SD  TO  DATE 

SD 

XBAR 

MATER 

SD 

CONSUMED 

TOTAL 

TO  DATE  SD 

S'  0'S 

8 

8*8-8 

8*  0- 

8 

192.81 

12.26 

8.80 

8.80 

6.08 

8.00 

8.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0'  0/5 

1 

73*8-8 

64*  8- 

8 

196.67 

12.56 

6.66 

2.83 

23.88 

3.43 

23.ee 

3.43 

33.54 

3.40 

33.54 

3.48 

•/  8/5 

3 

71*1-0 

63*  8- 

1 

214.36 

13.24 

7.84 

1.31 

24.21 

1.66 

72.29 

5.12 

34.26 

2.98 

102.07 

8.91 

11/  8/5 

6 

72*8-0 

65*  8- 

8 

248.99 

14.66 

8.88 

8.95 

25.76 

2.09 

149.56 

10.69 

34.  14 

3.12 

204.48 

17.50 

\3'  0/5 

0 

73*6-8 

64*  0- 

8 

259.17 

15.96 

9.09 

1.57 

26.73 

3.44 

283.02 

17.13 

35.94 

4.50 

276.36 

25.63 

15/  OSS 

18 

74*0-8 

67*  0- 

1 

15 

271.88 

16.48 

5.98 

1.44 

25.89 

1.91 

254.81 

19.60 

35.30 

4.05 

346.60 

34.39 

10'  0'S 

13 

74*8-2 

60*  I- 

2 

295.93 

17.10 

0.28 

1.20 

27.53 

2.88 

337.41 

27.42 

35.75 

5.32 

4S3.93 

49.21 

28/  0/5 

IS 

71*8-8 

66*  0- 

8 

311.58 

17.65 

7.02 

1.23 

27.90 

2.54 

393.36 

31.78 

35.27 

6.  18 

524.47 

61.17 

22/  0/5 

17 

72*8-8 

69*  0- 

1 

323.27 

17.95 

5.05 

1.72 

27.47 

2.34 

448.31 

35.17 

30.12 

5.70 

680.70 

71.71 

25/  0/5 

28 

72*8-0 

71*  0- 

1 

343.39 

18.87 

6.7! 

1.70 

29.30 

3.5! 

536.19 

45.12 

36.78 

6.68 

711.03 

91-07 

27/  0'S 

22 

72*0-1 

67*  6- 

8 

359.13 

19.27 

7.87 

2.87 

30.19 

4.50 

596.57 

53.29 

36.50 

4.95 

784.04 

100.62 

29/  8/5 

24 

78*1-0 

66*  8- 

0 

367. 14 

20.85 

4.88 

1.27 

28.64 

2.05 

652.65 

55.23 

38.21 

6.40 

860.12 

112.75 

1/  9/5 

28 

8*8-8 

0*  0- 

0 

388.13 

21.20 

5.25 

1.07 

28.41 

2.27 

766.29 

61.14 

36.32 

5.68 

1005.0? 

134.42 

RATE 

8R0UF  9 

DAV  m HUNIDITV 

N 

•09V  tCICHT 
XBAR  SD 

CMC.  909V  WT. 
XBAR  SD 

XSAR 

FOOD  CONSUMED 
TOTAL 

SD  TO  DATE 

SD 

XBAR 

WATER 

SD 

CONSUMED 

TOTAL 

TO  DATE  SD 

S'  0'S 

9 9*9-9  9*  9- 

0 

19 

192.32 

9.55 

0.90 

9.09 

8.00 

0.00 

0.00 

0.00 

e.ee 

e.eo 

0.00 

0.00 

O'  0'S 

1 73*9-9  84*  9- 

0 

19 

199.98 

10.29 

7.24 

2.99 

23.24 

2.51 

23.24 

2.5! 

32.54 

3.66 

32.54 

3.60 

0'  0'S 

S 71*1-9  83*  8- 

1 

10  215.92 

10.99 

7.73 

1.39 

28.37 

6.46 

75.98 

14.26 

33.03 

4. 16 

96.61 

11.75 

11/  0'S 

8 72*9-9  85*  8- 

0 

241.58 

13.95 

9.95 

1.13 

25.04 

5.65 

153.49 

29.07 

31.99 

4.41 

194.56 

24.69 

If/  0'S 

9 73*9-0  84*  0- 

0 

259.19 

15.13 

9.92 

1.31 

25.49 

3.58 

294.47 

35.37 

33.93 

4.96 

262.42 

34.29 

15/  0'S 

19  74*9-9  87*  0- 

t 

271.41 

15.59 

9.11 

l.ft 

26.43 

2.83 

257.32 

39.57 

34.91 

4.78 

332.03 

42.95 

10'  0'S 

13  74*9-2  89*  •- 

2 

295.49 

17.11 

9.92 

9.99 

27.36 

4.84 

339.27 

53.92 

35.07 

5.49 

437.24 

57.53 

20/  8/5 

15  71*9-9  88*  0- 

9 

317.72 

19.99 

9.82 

1.71 

27.48 

4.09 

394.22 

59.79 

33.08 

6.  10 

503.41 

67.  A4 

72/  8/5 

17  72*0-9  89*  0- 

1 

324.45 

19.10 

9.87 

1.95 

27.79 

2.41 

440. 0.1 

62.09 

37.03 

5.64 

577.4V 

79. 

25/  0/5 

26  72*0-0  71*  0- 

1 

348.10 

20.72 

7.22 

1.38 

29.26 

4.23 

537.58 

75.10 

39.34 

5.70 

686.49 

94.40 

27/  0/5 

22  72*9-1  87*  0- 

9 

359.74 

22.54 

8.92 

1.73 

30.95 

7.48 

599.49 

98.19 

35.07 

4.05 

759.22 

103.15 

29/  0/5  24  70*1-9  88*  9- 

0 

369.43 

22.78 

4.34 

1.07 

29.50 

3.31 

658.47 

94.39 

38.95 

4.40 

•32.12 

111.50 

>/  9/5  29  9*9-9  9*  9- 

0 

399.37 

25.39 

9.49 

1.31 

20.29 

2.14 

789.84 

97.98 

38.37 

8.93 

977.2* 

135.51 

APPENDIX  C 


Data  and  Statistical  Summary  of  the  Biochemical  and  Hematological  Analyses 

These  tables  present  the  raw  data  and  a statistical  summary  for 
the  biochemical  and  hematological  analyses  for  each  experimental  group 
of  the  four  experiments,  E,  F,  G,  and  H.  The  average  per  day  growth 
rate  over  the  28-day  exposure  period  and  the  final  weight  are  presented 
for  convenience. 

The  field  strength  and  chamber  position  (either  upper  or  lower)  for 
any  group  can  be  obtained  from  Table  3 of  the  text. 

Note  that  in  experiment  F,  animals  numbered  231  (see  Table  C-4), 

687  and  689  (see  Table  C-6)  were  deleted  from  the  growth  analyses  as 
discussed  in  Appendix  B.  A 999.0  was  used  in  the  final  weight  (FNL  WT) 
column  and  a 000.0  was  used  in  the  growth  rate  column  (WT/DAY)  to  iden- 
tify the  deleted  animals.  When  a 0.0  is  encountered  in  the  rest  of 
these  tables,  it  indicates  that  the  biochemical  and  hematological  deter- 
minations were  not  performed.  This  only  occurred  as  a result  of  an 
insufficient  quantity  or  a clotted  sample. 

Histograms  of  these  data  indicated  that  nonparametric  techniques 

f 

should  be  used  for  their  analysis.  However,  the  first  quartile  (Ql), 
median  (MED),  third  quartile  (Q3) , the  number  of  animals  (N),  the 
average  (AVG),  standard  deviation  (S.D.),  and  standard  error  (S.E.) 
are  presented  for  the  statistical  summary. 


The  headings  for  each  column  are  defined  as  (proceeding  from 


left  to  right): 


ID# 


T.P. 

GLOB 

GLU 

T.L. 

CHOL 

TRIG 

WT-DAY 

FNL  WT 

RBC 

WBC 

POLY 

LYHS 

HCT 

HGB 


three-digit  code  randomly  assigned  to  each  animal 
of  an  experiment.  The  units  and  tens  digits  specify 
where  each  of  the  96  animals  was  positioned.  The 
hundreds  digit  specifies  the  chamber  number  (1-6). 

total. blood  protein  (g/dl) 

blood  globulin  (mg/dl) 

blood  glucose  (mg/dl) 

blood  total  lipids  (mg/dl) 

blood  cholesterol  (mg/dl) 

blood  triglycerides  (mg/dl) 

final  body  mass-initial  body  mass/28,  (g/day) 
final  body  mass  (g) 

3 6 

red  blood  cells  (cells/mm  x 10  ) 

3 3 

white  blood  cells  (cells/mm  x 10  ) 
segment  neutrophils  (%) 
lymphocytes  (%) 
hematocrit  (%) 
hemoglobin  (g/dl) 


I-D  ®TC|«X 


Yi 


X ♦9r»®r>rw9^^r>9mmmr^  i 


«i«0!SIDttN 

♦ mvatnio®  ® 


o® 009^9 


o 

X qo  Nr- CD 
♦*>♦ 


r-r.  ♦<M^N*cdO'>r~mc3®  i 


r- r- color- (Si  CD 


V)  ••••0OKD«(9A0<99OO«  I OOOOOCM  — 


♦ ro9©m^  ♦»*>— rocovo^^r  cmco  i 
999  9S9tOi9iCnO|Oa)OtCOO«Q>  i 


ooro^m  — ♦ — 

tofftCT'^Ch 


>•  9 ® ® o oo  ® cd  © © a>  o>  © © co  © ® i 


M M (M  *4  I 

I 


(DOO(DW(h 

*oio^nNro«D 


® op  <D  cd  r— oo  <r» 


a 

CO 

3 


9 999  CD  0D  CD  CD  09  CD  CD  9 CD  CD  IP  I 
locin  ®mr-®CD®9— ®— r-co  i 
t»N  — ♦ ♦910  — IO  — 09®®  I 
999  ®CMr>9mm99— r-9—  i 


oo«r)-*®«) 
or-  — — ro9vo 

— ©VO  f-IOVD 

invar-  iocm 


- ■»  3®  9 a»  o»  or.  a*  cm  ro  — mioooio  i 

9*«citt^o«Hroinioooch^^N  i 


CD  CD  CD  CD  — IO  (VI 

109990'M  — 
99— 999  — 


9^1091010109101099101099  l 9999999 


® 99 ®® ® ® ® ® ® ® ®® ®® ® l 


99099—9 


oocv— »«r  — ®r-®f09CM©ioc\j®®  » 
w»(rn»v^w^K)nw<r’r^v  i 


v©ro99C0CDr- 
9©  — — 9ro 
ro<r^  ro 


>• 

<z 

o 


99999®  CD  Of  CD  Cb  CO  8>(T  CP®®  I 
^ ^DCDCD  (P  CD  (P  CP  fl1  CP  CD  CD  9 CD  CD  I 
999— 99 a»9  9CN9  9®r>9*’  I 


©ooooro— 

90100090 

®m©®rOOCM 


r-  ^rwr-9N>r-999D?^9r-999  I 9999990 


Cl  9999999999990900  I I09999C09 


M*»»Nnr)(riNQW©riNr.atr)  * 
®9— «(M*>io»N<r«’(grot- © i 
— —cm®  — cm  — cm  — — — — cm  — — — i 


♦rocvi99®9 

♦ coo— r-ro 
— — CM  — 


inOOOIOOfO 


®®®9*-©ror09®9N.—  ♦99  I 
9 — (09®  9 9 CM  © CD  ♦ 999T-9  I 


rv  r-  r-  9 cr»m  9 

9 CO  O — CO  CM 


999999909999999® I 9999^9^ 


9 ♦CO® O CM  9 CD  00  r- 00  CD 01090  I 
IDO»NMCDNr>MO^0^OI0IOBCO  I 
♦ ♦wtNMM^rottn^w^w  i 


ro  9 CM  9 lOfO© 
N — r—  — — n — 
nw  ♦ ♦ 


9000-000 


NI0H^D<M0OVCOD9^NDrr  I 
(MO—  iOCMfOCF*®  9NJCM99  ♦O—  I 
WNNNN^^n«r(MN-ftlW(MM  I 


»<rD<V-D«*-»*>tNrWN  • 
• 9 — 9—  9 — ©990©©— 9 • 


— mMNMN- N- 


• NCM  I 
I 


n— — 90  — r-o  — ® — r*.®®rori  i 


t09©9—ro  — 
— 9 — — © oo  cm 
<vi(\jro  oi 


9©900f0  — 

inworooro  ♦va 

COON  — OOC-JCO 


——9999® 


9®lO©^©9 

fM- ♦®VD—  N. 
tNDDNN^ 


999999999999999C-  I 999999® 


— CMf»Win9K09®  — CMP->^I0  9 » — OW  DOW 

<99D9D9D>DHr.,«.<r<M..  I l u I X > 

— — — — — — — — — — — — — — I CD  CO  <Xo>9 


9 

O 

x twttmio^Nriortwr'flio 


9999999999999®®® 


X D0(M^999D>9rO9^9r-^009 


M 

X 


>*  <M  — 9r-  — NNOVN- ®9  — 909 
C*OVtt9imCOOt6)9)<ri9)ttA«OS0V 


>-  99999099999999®® 

-J  

o ©»«Mroco9m®a>r-®©N-^99 


999999999999999® 


t i 99090CD0CD09999990 
oo  cM9999(st9©^®ioorocMo© 

3 — ©r»N.N>mr~CM  ♦cm®  ^9- ©♦ 

109  ♦ r-  9 co  ♦ ® ♦ r-  io  m r-  ♦ ro  «o 


CD  CD  O CD  D CD  Qh1  CD  Q)  CD  CD  O CD  ® CD 
cj  — m9®mco ♦ r-N ♦ in^  ©♦  ©® 
oo  otu>u>ei®v£r-Qor-®oo®  — 9^cm 

oc  

io  r>  m to  r>  to  io  ♦ to  © m ® 9 in  ® © 

r— 

-j  — — war-®  oo  ♦ r>9®  ©cm®  ♦ 

X 9©®  — <M9t-l09©9CD©^r-© 

u.  ^^♦♦♦rorjrofo^ro^ro^ro^ 

0s*  (p  DO  DO  CD  CD  CD  CD  CD  CD  CD  DD  DD  D 5?  ^D 
<C  09000®  (DCDOODOOOOOO 
«=>  ♦ m©  ♦©  crr^  — N-.r~ir*cM  — ♦cm® 

N 

t-  ®m©©9  9 ©9©®©®©r..®  ® 

3 

rj  oooooooooooooooo 

*-*  

oc  ooooo  — ®co(\ivomovfvjvoin®r-ov 
l_  ®VO®rw®  — 0N9CM®  OCMro^  — CM 
— — — — cm- — ro  — cvi— — — — cvi 

— * OOOOOOOOOOOOOOOO 

o 

x ♦avrocvjoioioioro®  mcoodidio 
o 9 ® © a>  co  co  © © m a?  © co  ® vo  © to 

DD  CD  CD  CD  O CD  CD  CD  CD  CD  CD  CD  01  ^D  ® CD 

—l  

ro  n.  m © ♦ — cm  ♦ cvi  © n-  cm  o r*>  cm  on 
r—  ioro^rv®(MrooDoovocD®^cvi® 
io  ♦ io  ♦ io  io  ♦ cvi  ♦ ♦ © ♦ ♦ ♦ m ♦ 

9999090009099®®® 

3 

-J  lo^ororor- ♦®ro®  ®roo®©(M 
o cvjrooiOD-r>a»^  ♦ ♦ ©♦fo  — rove 
rocvj  — — ro—  -^-4  — — — — — — 

CD  99999999990®®®®® 

o oovocor-cvicvjmmmoN— cr*o®vo^ 
_j  ©©♦♦©9CN^9©©m9©©® 

o . . 

<M—— CM  — — — CM  — — — — — — — — 

9 9 9 9 009 9 9 9 9® 9® 9 9 

a.  cmoo  — loroooNoovrvivoro  — voh- 

• 999  — — ©9®©©lOr«©99lO 

►—  

m io  io  r-  io  io  to  r-  m m m ♦ m io  m m 


rv.999  — — (M 

— — — N CM  CM  (VJ  CM  <\1  CM  CM  CM  CM  to  r>  ro 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  <M  CM  <M  CM  CM 


<MO—  99*»<M 
♦ ♦109  ♦ 9 9 


DI0999DN 

ro  ♦ 109  ♦ <M9 


oo® — 9®  ro® 
999  — 9 


r-®®9®ro® 


9®9®ororo 


9101090— 9 
999— 9(Or. 
r-9®  rooo  ♦ 
♦ moo  9 — 


10990— CM9 
9 CO  ♦ 09  ♦ CO 

r-oooooroo 


IO 10991000 


loomoro— o 


ro  oo  m vo  r- ® ir 
0090  — 9<M 
roro^  ro 


0909910— 
9999-9® 
cvi  ♦ 9 ® ♦ ♦ — 


9999W9D 


999910—10 


— 9999CMIO 
CM  VO  9 — 99  — 


9999- CD  CM 


♦ ® ♦ 9 ro  ro  ro 
990— N— 


in®  mocMroro 


oro  — 9®»m® 

CMQON-NK- 

♦ ♦m  ♦ 


®mo®m^9 


9 o r-  9 9 ♦ © 

riON^NK^ 


loioo®  ♦ro9 

ON. 100  099 

9 9 9 09CM0 


-——9-®® 


io®9oro®N 

9^rv.®  ♦©♦ 
0090910— 


10(01091090 


— taro  ocaui 
i uj  i z> 
9CO  <MIA 


EXPERIMENT  E CROUP  3 

II*  T.P.  Cl OB  GLU  T.L.  CHOI  TRIG  IIT/BAY  FHL  «T  RBC  HOC  POLY  IYHS  HCT  HCB 


I 


*'*’*9999* Mr******  • 


tV)9ID^I«)9 


M«»9»<0«NN«<V*MWNN 


V>V) 


•••••••••••••••• i 



«k9l9l®9*«®0)Oltt9l9)»N®  I WOt9f*9i 
I 


9t<M»n®i<)«u)n\0®A««»NV) 

coco  0t9iOtat0t®«®a®NOtn 


— M HNM  • 


»N«®^^v>r9®B®niov 


90099009  — 


r-.cPocrmcDO-xDoocDCDO’O’r^r^  i 
99nr^'eoorv— co<Mn99r-M-  » 


«XMD<D9CO  — <* 
lO*-tO><H<M(VJA 

co+o>  so  tot o 
rotors.  m<vj 


at  coir  annvooonmnnsk 
ID  OS  CO  ntfw  *9roN.e*<M  — nr-r~ 
moo  *nNN<cn«®nn®N® 


®«®ID«<ON 
rxMM-  — M’ncM 
rooico  99^ 
to  WO  CD 


0000)00 9 CD  <D<D<D<DCD  <DCD<DCD<D  I CDODCD®)  — fO  — 

®0i®0i9®r>r)O»Nir)rv9ov  i r«sr®ioio<h 

®NNvortoir)on®9t^ior«D^<h  i M’9a*cD9roco 


9 CDOOO<D<D<D  CO  <P00QDCD<D<P  00  9 
u ®0D0ipr^NNr.0iO)D^s»« 
co  nr4DrrD®DN«®D*iNDD 


CD  90000  <D  to  IT 

CD9<MCD99<Tt 

^rr-Drw® 


< 

®IODDDDDDD®N>IOU)tfMO  I 

t 


void  vomvo®  oo 


at  • 

99CD999999p~9M>9999 


WVDW®® 


QDCDCD<D9CDCD0D9CD<D<DCD<DCD<D  I 
t 

CDr»0i9ncOOO<D0tCOO*9CDQD'O’9  I 

wwnwonnrnwnwirrnw  t 


io«n®«®tw 


qoosod99cm9 
9C0®»— COfM 

nnn  n 


rND®DtC<V®MDNr»^M® 
9 9 tO  <0  — 9 9 tO  fs.  f*.  9 9 <v-  — 9 9 

rrwnrrrrwwwrnorr 


rN« 

NDD 

MOO 


CD  IO  lOt® 
-«\N 


9999999999999999  I 
9999999999999999  f 

*<uroo>ro<M<D— 'OCMn*  99<m  — » 



9999^99999999999  i 

i 


99DDOOM 

®®®®9NO 

r-<si  >09^10^ 


99999QD0D 


>.  9999999999999999 

<X  9999999999999999 

ea  ro®-<uuinto9009ir~u>io990^ 

n 

t-  91^99999^.9999999^ 


9910900 ro  00 


100001699 


0I9®®M«®®DNO®«NNO  I 
M^0IH®O.NON«DNN®NO,  I 
•<#N  H rtHlVfnHH  <M  — | 


991099109 


CO  r)  009009  — 
ClMN^MO- 


09 


I009DMI9M 


OC  OM®OOlO®ON0iNOlO^«i9 
►-  0®0DMmN®DMD9Q»W00 


999999N 

«OD-OW 


9999999999999999  t 

t 

K«*OMDN®®N®MD®9DO  I 
OV>DhMDDDDW>N®MN®D  I. 

*<**  K H *>*  | 


99t09<^9N 


«nN>OMOM9N 
9900  —009 


mJ  9999999999999999 


V)999MMM 


X 000®M09U)0m®NM«M9 
CO  Cr»av9COna>CO  — <DC0CD99C0<M00 


D^DDM^tO 
« cmd— 9 <M 


9999999999999999  I 

99D^MMANOOOO®9MD««  I 
0lir)OOMD®O®NM«DDO9  I 
MODODMOMMOOOOOOD I 


91099 VD  9 CM 


MNMOM9D 
CD  M'  <P«  — 9 9 — 
OOO  M- 


9999999999999999  t 

I 

NDNNOOOMONMM®-®® I 
N®®®nN«<n«HN®®®OH  i 
MM«OONMhhh*nh  (ItM®  | 


9tOtODODN 


MttOOCIO^ 

n®o«mnw 

— <Mn  cm  — 


99I099MXM 


O. 

=0 

© 

<* 

C9 


MMDNNONODOlOIOnDMw 
• NKMIDKNSDMNOOtKIOin 
OOWOWWOOOMOOOMON 


CM 9 99900 <M 

Oitr>»HM«<M 

MOO  O 


J MO«D®0lD0kN0\Mp.M0l®M9S 
O O^tDDOO'KMMQtnMDO®® 
WWNNh«w^^^<M<Mh^<Mi 


OW09999IO 
inBtQHHDN 
— — <M  <M  — 


9999999999999999  I 

©99k.<m  — <M9<Mavoo999rw<rt  < 

CtOI®NDA>DMAD®r.D®DD  I 


•*<nMmNNNMh<W<W*im»«NN  t 


9IO009av9r^ 
OM0®*<O« 
0><D<MCD  — PO<D 


— <M<M9<M9<D 


CD  9999999999999999 

O WW®®NHD®IMrO«*i®0« 
-I  COrwCOVDCMCM's-  — n<M®<M<MCM<M  — 

<J  

— — — — <M<M  — <M<M<M<M<M<M<M<M<M 


(O IO 1099  — 9 
•h<Mv®*-»^N 
«^<M®*-M® 


— <M<M9<M9QD 


9999999999999999  I 

099DM99O90V0NONO®  I 
Ol9®ON®D*iO«<MO(WO«r  I 

9C099f»9fwfV.9999999fM  I 


I0999(MOMT) 

NM®®ONOl 

OAN®*«N*« 


<0999999 


M®M|»)0KO®K®9t«nM®Ot 
9 9 ®>  ^ ^ K.  rw  <M -« 9 9 9 <M  w 00  rs. 


999999— 
9 00  — 0099’® 
<M9<M999— 


99999K>9999999999 


9999999 


• • OC 

MODMN«®®*4NMOD9Ntt  I —99  OQU  Ul 

MMMMMMMrOOOOOOOr I I U I Z>  . 
MMMMMMWMMMMMWMMM I 9C9  999 


QI®«MMO«DN®D®**ft»MO 
M- 9999999 9 99 99999 


—on  oow 

I Ul  I X > ■ - 
999  «®« 


«J  


X mmnmf*tni*>t*iif>+in~r*>r*>r*>in 


9- 


o ^DK»mniDW^N^K)ir)«ntt 


X VKN0<A9roV>in*««AAII>(»Vtf 
x w«n»N»*«M9(Mif>n(vc»n 
KDiriNNiDhtfNro^iD^iOYV 


u oryroro® 


<«i>ir)M)tfinif)vir)Vimf)v)if)ir) 


-J  N#Va>N®^OVC9*-HMO»®N« 
u.  nnnnnNnNnnronnMnn 


o f'mWNN.w®  y v®*-<Mvarw®rocM 

X 


X 0»®Mr)v»»wir)N^K®^«® 
m N W 


x M*«®«Nnww*««ttn«4ir) 

u o*N.*\*\A'0®r*rwrv*tnin®rv. 


wnknr*0O®  w<\4*-tncr»— ®«r  <e 
nmr>®v)N®vw«n«NMD«4 

»>®n«v)V>vm««nh«niox 


J ®MNNnn®NinN^NA»«® 
®NMtM*«NNN*«*4NMMN«« 


«*»*ir)N«nr>wN^NN®n^K 


in 

I 

u 


t 


MmMNMMNNNMNNNIMNM 


^K0t®NM^®roN®O«n®N 


Ml 

A. 

X 


h*v)®K«®®MNn«n®N® 
wwwnwMw^T  *«-***-*•* 
wwnhwwwwfnMwnn^wn 


®u~ou>®rg 


nnv>®«N« 


mir>ir>®v»^o 


-*ro+’\0tvr*>& 


v>®n®M®« 
NMn-WWN 
• «D«  V0« 

♦0®  n*« 


•®n®i4»® 

0N«®®®« 

tr)r.n®®v)H 


®n®0«n« 
*-w®-ww 
nwn  n> 


n®®®N«i«) 

oorof>®*-CN<\j 


0®N®in®0 

»W#»-0)N- 


owm^^^N 
♦ l>W  I) 


MNN0NMIA 
WWW  M 


a m®vNn<r®«>M0N®N®^*4 

C9  


*>mi®  a 


tN®®®fgn 

®hN®*«m® 


NNN0N®®  U. 


N<TK®HVm 
• ®K)®«*V)»< 


X N®®Mtt«NW®»NWNt« 


0>®N  — a»®wMr>®n®®-® 


o n®N®®®0t0N®n®®0®® 


<®  N»o®yKyKw®-®y®® 

« W(M^Hy®«yioiD®wyN 

M D®t<>®®r9®N**rQyN®v) 


®®nNir)NNwhNioy**^n® 

M®y®yyfi®N®HNN0®N 


m®00iov)®0ir)r<)®iD0V)0® 


yNM®0®yyN®®n0inir)^ 

r*)V>®Nr«)nNV)»«yy9io®N>® 

WnWWWMWWWWMMMWWW 


>- 

<r 


••V®0O®090®®®0«« 

®®N®y®h®M®®®nyNr) 


®00»»N0NirwKK®0r.0«® 


NMyM®yM®0®®ayv)tnn 


x Nn0®ny®NNM(nn®n®n 

U ®®®Mr>®NNMwN0ir)®®® 


®y®®®®v)®Nio®®yn^® 
*«0»®  ®®Nn®«  ®n®ID® 


—4  ®0nynn®00N0fOMyyir> 
o *«nN^®H®io0«tty®®®m 
nNM0<VMNM»«Mn(W  p*H»- 


my00^0nN®®yNNyn« 

W®®®®h®®«®MNN®®® 


0N®®00NNM0®®0IO®n 

®X®®®N®N0®mN®®«® 


(JO  l«|  ui  o 


•K«  «0W 


mm)®y®io®®N®inv)®imr> 


®®^NnyiD®Nn®®^Nny 

v-imnimnimmninimnw'#'*'* 


000*40 


000»«<®n 
•0^400® 
®VO(M  NW« 

wy®  yw 


M — <0O  — 0-4 
tttNttV* 


lomwintn**® 


•NN000® 

4WW-MN 

WWW  W 


®®«r>®y—  4W 


<ViyN0Mf)4 
®NM4ir}®N 
— M *4 


WN000N4 

00N40 


®®0k0-®ir>V> 

®y440ftN 


0®®®N®N 

yw-®0®0 

oroo**in~«w 

4M(M  Mm 


««®®yNN 

WW«4®mMW 

0k®M«®M® 


«0®®N®N 

M>N)®irMO®® 


— OW  (JO  Ml 
I Ml  I X>  * » 

oca  ca® 


__ 


•®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®  ••••»«•* 


U •090909999d)(»AS99<B«S(D(DB9CDa)9Sa)O«e»CDO9O09(B9»C»(D9C»aS9« 

ca  nrwt*>ON«(siM^in<>Nt««ninNN«O9^*<)^c»ir)ir)N<r«N^vurw9r«)0mN^r>)O(Vio^O9i«tt» 
zb  VKoa»ttN(»*fliNa)«NVir>nNQ»0i«n9>«n'rNiro»^ocD»«ro«M>tf)Nio«n^«««9t(ftro«t«« 
id  ro ♦ w>  m ro  ♦ <o  m id  *0  ro  *>  tn  * r>  \0  ro  *-  id  m ® *•  ®to  ro  o-  id  ro  ro  o-  id  id  <si  id  r>  ir>  «r  *•  ® id  ro  id  w so  id  10 

®®®®®®®®®®®®®®®®®®®®®a»®®®®®®®®®  ®®®®®®®®®®®®®®  ®®® 

o •*row*,w®’i0«»*0®roi0*tDi0a'»"-®CMDr..c«jcvjc«>r-r-®i0r..<Mu>roior~wo,®’roro-*ro®®’  eg®  ««r>* 


►» 

9 ®®®®®®®®®®®®®®®®®®®®®®®®®®®®®  ®®  ®®®<b®®®®®®®®®®®®® 


<0  m »o  **  ® co  ro  •**  id  vo  *«  «r>  ® ® ro  v»  ro  rw  n — m ro  vo  »-  ro  m ® ® ® — u>  <0  <»-  <m  ® ro  ® id  id  ro  w ® ® k.  ® 
®roro®vo~ro®®®®ro®®®*"D-r*®®cgro®  ® — ®r-cy<Mo®  ®a>ascvj®vor^®osr>^®v0®  rwrw<* 
^♦▼♦W^^WWW^^MWM»»DWVWr«>W»yWW^MWnMWM^»WMWtOM^MWhWWW 

®®®®® ®®®® ®® ® ®® ® ®® ®®®® ®® ® ® ® ®® ®® ®®®®®®®®® ® ® ®®®® ®® ® 
CD®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®® 

*,<M*0tDro®s0®0*®iD«6ro®®<vn*^r<0<v®~-®~*«ou>i0N.0'fo®  */or^i0  0'iD<s*iD<sK'J®®~*®O'*>M 


®®®®®®®®®®® ®®®®®®®®®® ® ® ®®®®»®®® ®®®®®®®®®® ®®®®®®® 


v»  n>  id  ro  m ro  id  rv  ® ro  ® ® cm  ro  ro  «-•  ® ® id  ® ro  N.  to  ro  <m  cm  ro  ® ® ® id  ® ® ® m ® ® ro  rs>  rs.  ® rw 
oi»^NN^iDiDiooiiov«iD««imo»^Nr)ON«t«i\O'r^wooir)i0NDnv«HO\o«ro«n 


'r  <v  n- •*  co  r.  u>  n.  ® <vj  m m <vj  id  r>minr^  ® ® rv-®r'-ro^r®r*®<£®®  id  «o  roiD  id  •**<v®fto®r>®r?®®ro 

M>DDMr)ioDnir)No«tfioDntfvir)iD^»^v6^nin9inNv^D«WMr>D«iDVMAK«v)i6 


®®®®®®®®®®®®«®®®®«®®®®®®® ®® ®®®®®®®®®®®®®®®®®® ®®® 


®ID®<M  — ®ID®ID®«D  — — <Sl®®'*®-«®  — O>®®O-ir>  — ®®^®®WIDer»®®0S®WM®®®®IO1Dtf> 
<r»  <m  r*.  *■•  ® n.  a%  ro  <0  v rw  ® ® rw  ® ® rw  ♦ **  im  ® *•  cm  ro  ® vo  ® <M  m ® ® ro  ^ ♦ ro  <0  •*  ® ® **  cm  <vi  ® ro  ® m •-* 
M ro  to  to  ro  ro  ro  ro  ro  ro  *o  ro  ro  ro  ro  ro  ro  m ro  ro  ro  ro  ro  ro  ro  m ro  »o  ro  ro  m ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro 


«j  •V>iDMv?inM®*'0Ot®-~ttrw*iDM®ro®®iD®Mr^in®rw9\~*o-<Min~4V6®M<wrorvro®Nror^®® 
<9  MDAn9tnn«NttnnNH«^0a9ll0H|OD0«9tNA«N0««ND0ttN^I4(0V0l0DN(g 

o ®ao®®®®®®«®®®®**®®®®®«®*'®~«ir>r*iD®®<0®®®®®®®®®®®®®®®®<» 


r m ro  ro  m <m  im  ro  ro  ro  ro  ^ 10  ro  ro  ro  ro  ro  ro  ro  10  to 


•®Mnn®n®o®n«nHonNnwn^M6Yr.9inoo9o^®nNDV6®Dn^ooiMir)w® 
®ID <**®  ®rw  *r>»  veao®  ® 0»nid®  r«- ® r*.®n»«®-«~®®®ro®ro®  id  ®v>  10  ro®*o®rw® 


•0V0%®®^#0k9N.rwrwK.r»ir>^®rwi0rto®®®®®®iDrwfv.N.i0^®®rv®N.r^r^®rwrv.r^rs.c%rw®rwrs. 


m ««Nnon®K®® 


••4Nnov)«non«Ka®®*«NrooD®N«^iMrooD®N«9ta»«Nr))on® 
— *•***••*  — «>«  ro  ro  ro  ro  ro  ro  ro  ro  ro  to  ro  ro  ro  to  roro  u>  I0WS0<0<0<0  *0^0 10®  <0*0  <0*0  *0 


OD®  V0  K — 
rOIDID  ♦ — 


WH)O>0O»^W 


nv®«»«Mo 

N9l®«9lM 

roroo-  10 


VB^OOiUh 


®®r>®r^-«® 


D*®»|DMO 

tV0«VM 


ro0S00>N(v<rt 

IDD0O0M 


«Dn«N®ro 


<V|®(VI®ID®0> 
■^CM'0'T  POOJ 

rororo  ro 


0NNN0N0 
N0M«T0O 
*«NN  N 


0000N0N 

M000DD0 

rororo®ro®® 


\ i 


NNN0\«0*« 


s ♦»0^W0W»^000«««000^«0^0^ir>iftimf»0W^if)iO00W^W0^io^000«ir»  i 


v»00Vnr)«0Nwww0KMnwNwro'0N0Ww^Kr«^«Mr«.Mir»iftM0Mof*)t0rv0ir)iO0«0ir>  i 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  i 


«O»0Vt0Vfttta>9)O>NaB9t9t»a>9)9tOB«D(hOt»(MO9«a\9«AONMX)«O«atOOm(nAO»a>«N09)9l»CP  I 


V9»NO>«V>« 


V 90OO««90OO909ffOO0O99OO90OOOQ000O0O0OO0OO00000990  •V>9«IT)*«9 

•J  I ••••••• 

O 9tO0t\09tf9Nin«0^^dDinN^VOMr>9N.t«^NIONO«rw9tn^M^«IO9r«^999NC»9^n  I W9M9909 

CL,  ►<  — *4  Wi  <H  *4  *4M«4  — mM*4  *4  *4  I M# 


f 

I ■ 

H 


99CP9<D99(iGPB9(B(D999(D(P(D99(D999(DCDllMB9999999(D9CDft<P9999999 

C0  00  ^D  00  CD  ^9  CD  CD  CD  CD  CD  ^D  00  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  00  CD  ^D  CD  00  ^D  00  CD  00  00  CD  O C0  ^D  ^D  CD  O0  CD  O0  C 
ro»9WNMN^Ninw»*)©«iro>MNio<,<D^infls,.otoo«r’-MnoNWwio<ftftW(o^*-fwN9C»a>M0  i 
’’•v^iOYnDnvdMUtf^o^N^Y^Ncoor-N^NMOiCDimonnMNr-v^nA^^v^^io^Q  i 
mmMXMmomMicooocMmmr-mmvDmcomcoommo^minmmmMJmcMCMmmmo  ♦mmmmmm^  i 

. i 

® ®®  ®®  ® ® CD®  ® ® ® ®®  ®®®®®  ®®®®®®®  CD®®  ® ® ®®®®®®®®<X>®  ®®  ® ® ® ® ® I 

roeoroa>  — vocovor.rocoo ♦ r~ os— m?  — od m cd r-co co ♦ — cm — m — 00  — co cm a«M>oovo ®r- <d vd  i 

W)NMn0NCNNyiO«««tt9troO0^N<VJM««(SJ«*4N(ViA'rHr>)N90NN  ♦WhW^«W)^N^O>  I 

I 


• 999V0N9 

OODttVIDr. 

»^CMVPOm\J>OS 

♦mm  mm  — 

ro*-m  ♦ — 


CDV)90»^KN 

N0tU>O9)CM<0 

♦ voo*®vom® 
VOM0VO®M>®O> 


• •••••9DO99O9O99«O9O9OO0«0OO9099««999O0C0C09999OC»CDQD  I I099C 


NH»<0N9C-VION09*-lf)^N«^«M»-W-flSlf>NC»»f-Nt"«-NW9eviN»fwCM®W«IOn9IO  I 
CDmomosmrwrvOs  — coosas®r-  — ♦vorv.osN.  — — as  — — — roN-osmM>mos»vDir>mr~CD®®  ♦®Ot»r»®  1 
W»WWWWWfOWt^WM0W^MMf*>WM^^M^n^WMn^W0«WMW»Wh^^W^WWM^  I 


comm®  ovom 
M099^9N 
««♦  m 


X 

o 

u 


>- 

oc 

£» 

N 


9999999(9 9999999999099999099000999009999(999999999  I 

rs.0«rs.— r.osr>M>  — r>N.— ®<MmmcM^mr«(\joo®®osM>®  ♦»  oatas®  oomors®  oco- — ®m<Mrvro<M  i 


9999ID99 

mm®  ®voo*® 

CMNMOfwVD- 


m m W no m M> \d r~ c- c- rv. rv. vo rv ‘.O *^> r- vo ’.D r~ r~ ® ♦ r - vd VD r~ CO m r- c*. vo ^D m ‘.o c- r* r. m rv t*- VO vd c-  I <09N9<099 

l ♦ 

999999999999999999999999909999999999990909999999  I OmOQNm- 


<VlmNNU>NN9S9  ♦ ® ® OsCMVOmOSVO  ♦ CM»®  CMCM  ♦ CO  ♦ r»  ® VO  Is.  VD  ® Os  OS  ® r'.  ® C.  ® ® CMm  ® Os  ® OS  I 
V9N9r«r)Nis.9N9N^9N999N>9n9ir)^9(O9tio9fwmmy>^^m9Nt99^r)^0ro-  i 

— — — *4  | 


eg  co -o-oo  vo  — m 
m m>  r-  ♦ u>  cm 


o 

X 

o 


®m^N.mM0^^®mos— ®<Mm®«®mmmvo®mmmrvo»mos®mrs.mN.— mcM® mvomm^mcM®<M  i 
o0M>rwmcMmmM»M>mm®<ov0M>rvm^meDfwvo^som®c-M>M>^vo^mM>m'DmM>M>mmmmmmrs.mM>  i 

— — •-  *4  | 


mcoot®moscM 
mvovo  ♦vo  — 


00 

6 


* 


<9®®®®®®®®®®®®®®®®®®®®®®®®®®®®®® ®® ®®®®®® ®®®®®®®®®  I 

I 

CDoooomoooDttmmcMcoamm®®— ♦»— ♦ — — — ♦♦—  »♦«  — ♦oto»o»mmcococomo*motcooscMCh  i 
— ® ♦u>CM®®M>»®mo®®<Mm^— mo®— mmm^vocM- crsmmm^® — ®mtr>o®  <mosoco®<m  — i 
mcMmmmmmmmmmmmmmmmmmmmmmmmmmmmcMmmmmmmmmmmmmcMmmmmm  i 


9-99-mn 
-w^srww 
mmm  m 


♦m*.cMO«®m— mmos  *.««?♦  ♦«o®roov  p>n9mmoto>mvo  ov®  os- ® cm  oatm-m  t 

— CM  — — 99fODN^lCN99  ♦ mo»^o<M®os®mos®  — ♦m—  r- f- f'.  OS  CM  ® CM  — — o>  m ® ♦ ® ® aso*  m I 
CM  CM  CM  CSim  CM  CM  — — CM  CM  — CWCMCMCM— CMCMCMm  — — — — CO  CO  CM  CM  CO  — — CM  — CMCMCMCMCM  — CO  CM  CO  — CM  — — CM  I 


♦ m cm®  o»  ♦m 
os— ♦♦— m 

— CM  CM  CM 


999999999999999999N9999(M¥999999«99999®9999999999 I 

<M— cM®f-K-mw® ♦®cwm»®cMCMr-®®r-mm— m»®® m®mM cvi®mco'Dmco  — ®o»m®m<MM m®  i 


® ®m®  ♦ ®r« 
com®®  m m ® 


♦ ♦mmocMmmcMommcMmmommcMmmmmmmmommommmmmmmmmmmmmommmm  i mmmcom®® 


coco® — mososcMN-m— mosrs.  w»®o*co®  ♦♦— ♦— romorvmo  ® rva>— coosm®  ® ® mf*os®  ® ®mm  i 
«*9niM9-M9N-V)fw9KN9V)M99-99^9NMm9-9lA*499M<)9N9ro-99(MIOM9  I 


mmm®m®— 

® os  co  ® k.  rs.  ♦ 
OtM>m®voos  — 


® ® ®rs.®M>N.»sD®® ^♦rM®®rw®msD®rvrwrw®rv^ft.® ®rv®®rt.® rwp^M>cvCw®®®«r.voM>®  i MN99N99 


rv®o»®— cMmomM>r»®o»®— cMOs®—<Mm  ♦mvorv  coos®— com  oiosor^  to  os® —cMmomojcw  ® os®  i 
— — — cMCMCMCMCMcocMCMCMCMmmmMmmmmmmmmmmvo'Dvoso'D'DM) vj'O'flNNNf.r.r.r.r.Nso  • 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CO  CM  O ♦♦  O ♦♦♦♦♦♦♦♦♦♦♦O  DOODIODIDDODODDOOir)  I 


— AfO  tIAU# 
I I U I X > ■ 
AKA  «C»HA 


EXPERIMENT  N CROUP  1 

III  T.P.  CIO#  CLU  T.L.  CHOI  TRIC  MT/OMY  FNL  UT  ROC  M#C  POLT  LTM#  NCT  NO 


©***************>  0 


SSSSSSSS^S: 


®©*OJ®~  I 
I 


MMlTMO^-^VTCOOO^fflMlYNN  I 
YrttNnoonftA^nvoonnv)**  o 


owe*  own 


o 

s 


1 

•••••••••o®®®®®® 

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

®®®«*ON®®®fs®««®Y^9,  1 

1 

N®««®®D® 

>*  ••••••••• 


-••N^NN^mrON-N^Nft  I 
♦ ^NU)o*^io^Nww<rmoN«  i 
^VMANNir)MONYtfN<rtN  I 


♦ Wfl-Nf>N 

woow  m®n 

VWN  ION 


n«Nnv>«nvnr-.^ioioioQON  i 
Nfitv>«*M*n««vio««Poio  i 


®m®®— rovo 
to  m r-  ® m f si  ® 
VDVGVAVOVO®  © 


cgv»>  woo®  cgcoto  — p^cdp.. i 

<vjqpv0a>ros£ro*-cgro*-®u>v6<*ro  , 

• . i 


v*~ro©or>oo© 


l#l90>«»nN«»««tiNNM9k  I 
htnwrttttttnwwntt i 


•••••••••««••••• i 

v>®^9®®n*«®®®(«)N®in«  i 



l#is.V)iwr.NK0®rs.0n0P.p.r.  i 


N®IO®®®®*<®^N*«9)«®^  | 

I 

lD©rs.ro©®~«*tat®roro®OJV0in  i 
NV)V)®0n®N*OMOIONN®  I 


• N®®®®®«*^NC®MOlO®  I 


IONinNNi«*®«Nttir)N9®0  I 
rw  **  id  v>  * in  * o»  *-mrw  09  rs.rs.ro  i 


••••«99®®®9®9®®® 

®«®®M®® 

©©ojvapovdvo 

-J 

to  (xj*-©  roojfs.ro  r>u> 

•NM0NMN 

rw©  — — ®tcg 

X 

ro~~oo*  rocor-s.  o>®®  ~cg®  r>® 

rs-at— — asro 

MW  M 

u. 

♦ ®MMMtrMMM®®®®®MM 

MM®  ro 

«99®®0N 

>- 

ID  W">  r>  © — <M  ® 

a 

©©© ©©©©©©© ®®®®©® 

inrom®©©oj 

a 

♦ rw®®MM®M^«®N®®®N 

«M00N0N 

®rwN®N®« 

«r.®®®®Mv.P.PsN9®®0S 

©r^rw©r«<®© 

X 

•• 

®N®®®9® 

o 

IOK®N®ttM®®®®®NN®® 

© *•  ro  v©  co  os  <o 

Cfc 

N9®»«^M«0MMN®Tr0N® 

®«Nr)M®0 

mr-— —ooro 

►- 

a*©  ®n®®K-*KNN®®®® 

^NN9N®« 

mJ 

®OMOVO(V4IO®> 

X 

nNWNN^®«0M0NWN**« 

MM00N«nN 

o 

io©vo*r>©r^  *>©©*>  ©©ido.  v> 

IO®®t®M 

••••••••••••••••  i ion®«ir)^io  m 


NN®®N®®t-«ANIOD®®®  I 
IOD0®®0«®(Mn®S®D«D  I 
®N®N^N»WO^®W»WW» I 


rorotr  r*> 


N®oDio®iof<>®rw®0toNn®  i 
®®f®N«N»rm®-N®NW  » r*>«D<rt~»%*^r» 

WWWNMWOWWWW®D®^»  I WWP)  W 


•••••••••••••••• • 

I 

^•D®n®**®««^N®««ISNK  I 
sr  ®-®*M®9®*«W®H®N^  I 

h «NWN-«WN-**NNNN  • 


~«MM  <M 


J <V*-n«-^lf)O\®®r»N®N0fSN  I NN®0^®« 
U ^nN®N®®N®YNN®®Nn  I N®NM®Vf« 
n«4*«mNhNn*4®NNmNNN  I M 


9®**NN*>*0®®N«*n090N  I 
®N0«*®®N0NO®N9®>**«  I 

I 

— NNNNNWftiN-WN-NN I 

I 


®®N®«<N® 

-<NN®<yi®®  s 


o NNN®®»*®®«NN®n«r)®  I n®®®«®p 

j ®®«®M®n«iott®D®n^®  i ®®n®*«D« 

o I 

N-hNNNN-N-^N-NNN  I «*MN®N®« 


•••••••••••••••• I 

MMMM®®®«®®Dlon®N®  • 

®dn®®®n®nn«ioioion®  I 


•D®»«D® 
n®*«®v0n 
♦ IO®®N0- 


IODDDDD99WMODDDIOD  I IODn®D®®  ®C 


«<n®®®®wD®MDN®N®0  » 
®0®o®®«®®®n®®N®n i 


®0®NM®nn®®®D®n®® i 


MNn®0®N®®®**Nn®®0  « -®W  UAH 


I I x» 

0K«  «®0 


X 

w 


N®®®MAiro«IO0N®®®*«(M  I M0D  UOUi 
«*«*.*MMCijojojoiojojojojrororo  » i ui  i X > • . 
MNNNNNNMNNNNNNNN I OC®  «M® 


m <r®®rg— ®»®<gm®®®r^®*> 

a • 


• N9«\oOtn 


• ssNn^tontttorwscDoov^ 


X ®*-m<rmmmm^rm^rm*-o’vm  i ^mntfnc« 


o 

x ««if)«ir)^(on«v)ir>ir>o»»nino  i 


Q(D»«av«n 


(•••••••••••a  ••••aion 


Mov)ir)K.<Dnr»if)0ioNVOior4N  i mvr.tAin^v 

i — 


9-  <W9iav-«a«^v>aaa»r9^  » 
J 0®  ®«® i 


VO  CD  — ♦a^f'XD 
® ® Ot  — ® 


ror-»®fv4  5r CD  — i 


— — — — — — | 


vo  oo  — oo  oj  cd 


®s®9®®«®®®®®®0®®  V)V>m®n®® 

i 

m®®r~*-co®&m*-ro<g<*'ro®®  % <vN«®r-n® 

— — — t — 

i 


>90®099®9®9®®® 

I 

»99®®O9O9®9®0® I 

megrg&oco  — oomcg  clears,  i 
m®m®  ▼ — <go-  ® — ® » 

®Mf>tft®Nro®  r^wt  i 
— i 


0®®9®9S0®®9®090® I 

cocg®egr-  — m®®  — to  — c&o-vo®  i 
oo  *■  ® m ♦ m ro  in  m vo  to  ® cd  m ® qo  i 



ID®®®®®®®®®  O VO®  vow  VO  I 
• t 


J r-<g®v®r-®®®io  — ® — ®®®  i 
X N^«K®r.N®0®®r<)no00  i 
u.  n^^w^irnwww^w^TW^  i 


®n®WNr- 

®*o^  — — r^® 
^ei n®  osevi® 
♦ *>r-  meg 


g-  ir>  vo  cd  r>  eg  a> 
® ® ® o-  vo  a>  ® 


mm®  ® vo  cm  vo 

io^vovoodVcd 
r*.®  — — ® ro 
WW'f  IO 


>-  0®9®®9a>®0®®®9®®®  I ® ® ® Oioosr- 

<t  9®®®®®®® ®®®®®®s®  i m®®®f^cgm 

o ®®®®®mm  — m — g-tnmvmeg  i ® — — ®ro®  eg 

n i 

rv.  r-  ® ® ® 0,  ® r,  ® r~  r-  r> » ® ® ® i ®r.&®r.  — o 


o m®®®®ro— ®®  g.®®®®  — — i ^M«®®0« 


x ®<gg-®roro®&®®cg®mrw®®  i 
»-  N®n®Mr)®90N9®0®ION  I 


VO®  VO  VO  ID  VO 
®rv.®  — oocg 


***  •***  . ********  i 

O)  ® CO  CO  O 0)  CD  CD  00  CD  CD  CD  CD  ® ® CD  I 

co  corocvjin®  r>®  vommroro  — r-®®  i 
X ®n.  — ro  — ® — ® mg-r-®<gg-®®  » 
ro®g-ing-r-r-r-g-g-m®m^rs-®  i 


cj  tna»0»g-®  ^mroaicgoiro®  g-r-co  i 
co  ®®®  g-oi®®®*®*-®*)® ro®  i 

x i 

®®®®®®®®®®®®®®®®  | 


®®m®mmro 
® g-eg  — ®r~g 
gm  — ®r»g 
♦ion  m— 


m®m®o»ro0> 
eg®  ®®  a?®g 
mr»co®r»  — <d 

vo  *-o  vo  vo  vo  ® ® 


® ®® ®® ® ®®®®®®®®®®  i mm®®®®<g 


♦ NN®  — r^g-  » ® r- in  m os  ■*-•*•  a>  I 
voift»®a*N®t'-ioioa>’ru^MN  i 
rororogrororororororogrorororo  i 


®®9®®®®®®®®®®®9® I 
® ® 0 ® CD  CD  ® CD  CD  ® CD  CD  CD  CO  CO  I 

romm®  — rocDro®  — m®egrga>g-  » 


roro®®<g®r- 
inr-ao  — r-eg 
rororo  w 


ir>®  ® ® ®ro® 
U*>9®9®  — (VI 

— g eg®  in®  eg 


<O00Krs.Nr*®0®rw0®®^ir)  i ® ® r-  ® ® cd  ® 


0(V0«®NN®H®*t0lO00IO  I WWIO0NM0 


<gro  — ro®®®ro®g®mmr^®  — i 
nK®90®00®®inn«0ioN  i 


— co®  ® — f'-® 

®N®^0N 


-J  ®®m®®®m  — ga>«®ro®m®  i 099®n®n 


X ^NN^nNNNN«n®«N09 I 
a m— ®mmrv®®iommm®m®rv  » 


po  — r^vorogro 
m®® — ®— 


-J  ®N®®n<M«NN«N®NN00  I ®eg®®®rO® 

o « 

x ro  — mrog®®roN.®  ®pw®  ®g  — i ® ® rs.® — ®g 

o 0*t«nDt®0®«D^0®N  i gmrv— ® — 


®nn»®t«  ♦ 


• — p>NNor>®  — ro®ro<g<gmm  — i 
CL  H eg®  — ®g®®  — g®®  — ®NNN  I 
X 0WWM«WfOtNWNWMMMM  I 


J eg®fv®®  — ®®rorw®rorw<g®®  i 
o g ro  ® <g  n.  r*.  r-  ro  — ®ror«®ro  — i 

— — M<VJ  — — — — <X  — N — — I 


— ®r».*«gg  — 

»r»w  n 


®®®«M*® 

•0N9N00 
N®-*»0M 
— — eg  — 


■ egg®ooegcg®  eg- ®g*.®egrom  i 
a.  h-  ®co®®  — m — ®r«.®  ro®romg<g  i 
Z>  <««ww®wr>N®wr>»®^w  i 
o 


® ®®®rom® 

geg  — ®ro®<g 
— m® — mm— 
rororo  ro 


•9®0®99090®90®9® I ®®m®-MO 


-i  — m— m®mg®eg«r>fg®®®®ro  i 
o ®rg<grvmmeg®r- o-— ®<g— ®®  i 
— — <g  — — — <g  — (gegeg  — egeg  — eg  i 


eg— eg®®  g® 
r-®<g— ®ro 
— <g<g  — 


o mg— r*.rv.®r><g®  egr>®®*.  — ® i 
-j  g®»  ®»co®  ® ® ® egoocoeg®  ® i 

o i 

<g<g<gtg  — — — <g  — — <g  — — <g— eg  i 


®®m®®>Mro 
®®m*— r*g 
®®99®-0 

— — eg  vo  rg  ® ® x 


o r^gro  — gm® ®®®  — — — — ®®  i 
_j  ®®® ®® ®® eg®® <g— n.®®®  i 

o 

egeg  — — — — — eg  — egegeg  — — eg—  i 


•®v>®nN« 
— ® ® ® ro — m 

® ® ®®®eg® 


® ® ® ® ® ® ® ® ® ® ® ® ® ® ® ® i «mm«romg  x • ®®®®®®®®®®®®®®®®  r ®®®®®ro® 

eg®®®mm<g  — — eg®a<grw®—  i ®®o®ror.®  ui  a.  r*.— ®mmro— ®eg— ®g  — — <gr\.  i romm®eg— r* 

»«®if>»w«®rt-®^0  — i egg®®mro®  x ® g — egrogm® g®g®®ro  — g i rogr»®mvo® 


®mmmmmmmmm®mm®mm  • mmmvom®®  « 


rogm®s.®®®  — egrogm®*.®  i — ®ro  uoui 
rorororoioforoggggggggg  i i ui  i x>  . . 
ro  rororo  rororo  rororo  rororo  rororo  i died  av)w> 


mmmmmmmmm®mmmm®m i mmm®m®® 


®®  — egrog m®r»® ®®  — Mfog  i — oro  cjow 
gmmmmmmmmmm®®®®®  i i ui  « z > • 

♦ » ota  <®0 


EXPER IHENT  H CROUP 


CJ  

x v>ioin«nvinTir>ioinin^ionir)  i ▼imn'flio©© 


X NNNNro^wvfvN«©#r>wr* 


J •^A»»0t»0t0k«»a9t©9» 


♦NN©W- 

■♦’•r  *r — * 


<O0<M00<M4 

©^©-© 


I 

io««««n«ioioir)imr)«««io  i vnnninss 


mt<i)©mviDW©«r.ir)N«tf)ir)©  i niONinir)^© 


© 

x 

>- 


©©  ©9k©©«©©9>©«»©© 


v©wr>o»^- 


O ©tnrs©or.ir)nw©v©0>Ntf  i 


©v»r>««VN 

WN«t«0NN9 


O N©OttM)«N»©0t©NinN0t9 


NOtNIO^n© 


9©©9«9999©©©©9»CI 


• «••••«  ->9«C99999 


o ©©©©©©©©©©©©©so© 

CD  NK)^tcr»-fg»^YM^fww©© 
X W**»^N©©©WK©NWNN«r 
M^^Hf©©©^©<r©t«r©M© 


•©©©«n© 

©NN««©©© 

<Mro®  ©row 
t»N  WW 


O «©«©•©«  99©©©©©© 

CD  ion  *-000  omo©u©ai(g 
X n©  pw«rr>®,  -(M«->CM0®rocM0 
<M0  ©©©M«>ir)©ir)»©m«N 


©9©V>©«^ 

NWN  ©«W 
tnv  ww 


u 

0 

0 


r~  ro  p<)  io  .-4  *-  r>  oo  <s  t*j  co  ~ r*j  «-  Oi  co 
©©©©♦n©«r<.tt©©row«^ 


00oo«rroro 

©©««©io© 

«©©©©N© 

W©©©9© 


©©rw©N0©©©9©©«0©©©N 


V)NnNWN©N«r>«V^©N» 

^»tt»Mr>©©©s©©ir>©©N 

♦wwwwnww^^vwnww© 


NNV©©H|0 
r-  oo  cd — «o  cm 
row  or  ro 


a\r*.®®0CMD»-««ro<MfOCM0-*0 

©w©wNow©^r*»wio^Minn 


©9V«N©<M 
wnn©©^© 
rovo  oo  <d  id  roc© 


V©VV)M©« 


©©•©©9©©©©©©^W©N 


M©©N©r.NttW«N©©©N© 

»wwr»www©©w^wwww» 


r»©©©©n© 

N»©m©M 

roro©-  ro 


>•  ©©©©©©©©©©©©©©©© 
<X  ©©©«©©©©©©9©9«©© 

A <M*‘ro<MOorO'~"rroro~«o-r>CDo»'"' 

S 

*—  ©9©©^*OU)KNN.NNtf  ©N.© 


©«©••©« 

WV>99©Nr. 

n©^r©©©H 


©©NMNtt© 


>-  ©©©•••©•••••©•»© 

<r  •«©©©•©©©©«••©©© 

o N©©©ro©©'r«M^<wtr©«ir) 

n»  

r-  ©©©©K©©N©w©Nr«©©rw 


©OWSOfM 

©•©•©©(VI 


o ©a(VMWir)<->r)N^9©w©«© 


o 


DC  <MCMroroo-ro<Ma>r>ooo%cj®o-r>co 
»•  <Ma*®®roo-r-a>0M’OO0r-®wa» 
<M**< 


©rON©(^«<M 


©©©••©r)tt©©M©Nn©N 


N999DV)© 

♦rw®^rwio 


-J  ©^♦HW^NNft^WaiO©© 

o 

x ©r>N©©N©©nN©©r>©«iM 
a n^©ww©mnn©io©©©©© 


Wtt^©©^« 


«©©©©v)r> 

|0©©«4<4)M 


mJ  «NM©®©^©©©®©^^** 


X «N©©©NN«Nnn^®D^© 
U WIOir)N^®©N'»NNN^«>W® 


®ror>vo<Mioro 

0®Nm©«4 


•o 


••sotsooooooooo* 


»©«•«©©  VP 


w©v)©Hn© 


• ©M)®©©N.t**©ft^W©^<WW 

»-  r»©^NP©«N<Hr>NW«0SM 

ro  ro  ro  ©*  ro  ♦ cm  to  ro  ro  ro  cm  ro  ro  gr  to 


J ^H.©©9WID®M»®fOWMN® 
tJ  <vir- vo  roro^mvorocMiororo®  xr 
CM^CM  CM  CM  CM  N CM  •«  CM  CM  CM  fO  CM  CM 


©©-®<MK)W 
«n©Hww«  a. 
rororo  ro  a 


©•••to©«  o 


N©WN©-W©WW©N©©WN 

n©r-«nw©«foirro©®©®w 

♦ ro  ro  ro  ro  ro  ro  cm  mto  rororo  cm  ro 


w®ro©«^© 

rororo  ro 


wwwww»- 

^MWnrO^M 

CM  CM  CM  CM 


J ©©••©©•©•Nrw©^NN© 
O ©«©©<MN^D©rO©W©<-*CW 
*N**NN 


Nron®©«N 
N©N^©n 
«*CMCM  « 


0 ®©®©©«®©©®®®®®«® 

O yro®©^©«n©K<MMNHN(y 
j ©cwM«®©r>©©^T^N©r)« 

0 

CM  CM  CM  CM  CM -«  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


• «®©©®®9»®®fi«fi®9© 

CL  0 — <M0«’0<MPw|O00<M®*-'®0 

• 0*-rs.<*roro<M®000rs.-*»®<M 


io0<m®0~0 

©N«©NM© 


<MCM<M0<M0X  X 


»»©•©©©  X 

<M0*®CM««®  UJ 
©N®9©tH  X 


n©-WWNN©nNW®N©M© 

©x©»tin^Nrr<©-«©9«oi9 


©©••(M«© 

•««ro©MP© 


<M<M<M0<MOO 


©H©©av>N©»«©««©«4«®w 

0®0tOO00~0O0OOCU0fO 


0000000000000000 


0000000  DC 


000 0K. 000 00 00 00 0^. 


0000000 


m 00lM000~*<MrOX00N000 
A MWMMMNr.Nr.r^r.NNN» 

M 0000000000000000 


• • X 

*•*  Aro  O AIM  Ul 

I Ul  I x > . . 

®co  aw© 


^CMfOX00fw®00  — CMWX00 
©©®©©©®®D9)©9t©Vt(hOl 
0000000000000000 


«*0fO  0AUJ 

I 0 I X>  • • 

oxo  aww 


SECURITY  CLASSIFICATION  of  THIS  PACT  (Uh»n  Da/a  Emtrrnd) 


REPORT  DOCUMENTATION  PAGE 


report  number 


4.  TITLE  (tnd  Submit) 

Extremely  Low  Frequency  (ELF)  Vertical 
Electric  Field  Exposure  of  Rats : A 

Search  for  Growth,  Food  Consumption  and 
Blood  Metabolite  Alterations  * 


HEAD  INSTRUCTIONS 
OEFQRK  COMPLETING  KORM 


1.  RECIPIENT'S  CATALOG  SUVULR 


S.  TYPE  OF  REPORT  * PERIOD  COVEREO 


Final  Report 


7.  AUTHORf.J 


(.  PERFORMING  ORG.  REPORT  NUMBER 


0.  CONTRACT  OR  GRANT  NUMBCRf*/ 


N.  S.  Mathewson,  et  al 


».  performing  organization  name  ano  aooress 

Armed /Forces  Radiobiology  Research  Insti- 
tute , Be thesda,  Maryland  20014 


XSM9 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4 WORK  UNIT  NUM9ERS 


II.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 


U.S.  Naval  Medical  Research  and  Develop- 
ment Command 

Bethesda,  Maryland  ' 


4.  MONITORING  AGENCY  NAME  ft  ADDRESS(tt  different  from  Controlling  Otiice) 


12.  REPORT  OATE 

January  1977 


13.  NUMBER  OF  PAGES 

59 


15.  SECURITY  CLASS,  (ot  this  repbrt) 

Unclassified 


15a.  DECLASSIFICATION/  DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ot  thlt  Htpott) 


Unlimited  Distribution  - 


17..  DISTRIBUTION. ST  ATJEMENT  (of  rfie  abstract  entered  In  Block  20,  It  dltterent  from  Report) 


1ft.  KEY  WOROS  (Continue  on  revere • aide  it  necessary  and  Identity  by  block  number) 


Extremely  Low  Frequency  Blood  Metabolite 

Electric  Fields  Food  Consumption 

Rats 
Growth 


ABSTRACT  (Continue  on  revere e e/de  It  necessary  and  Identity  by  block  number) 

iree  hundred  eight-four  young  male  rats  were  exposed  to  45  Hertz, 
vertical,  electric  fields  of  (3  to  100  V/m.  It  was  concluded  that 
no  biological  effects  from  exposure  to  these  electric  fields  were 
observed  on  growth,  food  consumption  and  water  consumption,  nor  the 
blood  concentrations  of  total  protein,  globulin,  glucose,  choles-. 
terol,  triglycerides  and  total  lipid,  nor  on  the  hematological 
values  for  red  blood  cells,  white  blood  cells,  segmented  neutrophil 
lymphocytes,  monocytes,  eosinophils,  hematocrit  or  hemoglobin 


